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application rate thal affects the yield of a maize plant lacking 
said modified maize gene. 


in another aspect, the maize plant may comprise a pro- 
moter which is selected from the group consisting of a rice 
actin promoter, a maize hislone promoter and a fused CMV 
35S-Arabidopsis histone promoter. In one embodiment, the 
plant may comprise an expression cassette which is derived 
from pDPG434, pDPG427 or pDPG443. The expression 
cassette may, in particular embodiments, be further be 
defined as pDPG434, and the maize plant may be further 
defined as comprising a transformation event selected from 
the group consisting of GA21 and FI117. The maize plant 
comprising the F1117 transformation event may further be 
defined as comprising a bar gene. 


In yet another aspect, the maize plant may comprise a 
pDPG427 expression casselte and may be further defined as 
comprising the transformation event GG25 or, may com- 
prise an expression cassette of pDPG443 and the maize plant 
may be further defined as comprising the transformation 
event GJ11. The invention is miended to include the progeny 


and seeds of the above maize plants, as well as the seeds of 


ihe progeny. 

Still yet another aspect of ihe current invention comprises 
a method of preparing a fertile transgenic maize plant. The 
method comprises: (i) providing an expression cassette 


in 


4 
cells; (iii) selecting recipient cells comprising a chromo- 
somally incorporated expression casselte; (Iv) regenerating 
plants from said selected cells; and (vy) identifying a fertile 
transgenic maize, the yield of which is not effected by 2 
glyphosate application rate that affects the yield of a maize 
lacking said modified maize gene. The maize may have a 
promoter selected from the group consisting of a rice actin 
promoter, a maize histone promoter and a fused CMV 


_ 35S-Arabidopsis histone promoter. The expression cassette 


comprising (a) a modified maize EPSPS gene encoding an - 


EPSPS product having isoleucine at position 102 and'serine 
at position 106 and (b) a promoter active in maize operably 
linked to said EPSPS gene; (ii) contacting recipient maize 
cells with said expression cassetie under conditions permit- 
ting the uptake of said expression cassette by said recipient 
celis; (ili) selecting recipient cells comprising a chromo- 
somally incorporated expression cassette; (iv) regenerating 
plants from said selected cells; and (v) identifying a fertile 
transgenic maize plant, the yield of which is not affected by 
a glyphosate application rate that affects the yield of a maize 
lacking said modified maize gene. 

The method may comprise any method of contacting 
including, but not limited to, microprojectile bombardment, 
electroporation, or Agrobacterlum-mediated transformation. 
Said selecting may comprise treating recipient cells with 
glyphosate. The promoter may be selected from the group 
consisting of a rice ‘actin promoter, a maize histone promoter 
and a fused CMV 35S-Arabidopsis histone promoter. In 
particular embodiments, said expression cassette may be 
derived from pDPG434, pDPG427 and pDPG443. The 
expression cassette may, in particular, be pDPG434 and the 
maize plant may be further defined as comprising a trans- 
formation event selected from the group consisting of GA21 
and FI117. In the method, the transformation event may also 
be FI117, and said maize plant may further defined as 
comprising an bar gene. The expression cassette may also be 
pDPG427, and the maize plant may be further defined as 


comprising the transformation event GG25. The method ; 


also includes an expression cassette of pDPG443 where the 
maize plant may be further defined as comprising ihe 
transformation event GJ11. 

‘In sull yet another aspect, the invention is a fertile 
transgenic maize plant prepared according lo a method 
comprising: (2) providing an expression cassette comprising 
(a) a modified maize EPSPS gene encoding an EPSPS 
product having isoleucine at position 102 and Serine at 
position 106 and (b) a promoter aclive in maize operably 
linked 10 said EPSPS gene; (ii) contacting recipient maize 
cells with said expressioa cassette under conditions permit- 
ting the uptake of said expression cassette by said recipicat 
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may be derived from pDPG434, pDPG427 and pDPG443. 
The invention includes progeny and seeds of the fertile 
transgenic maize plant, as well as seeds of the progeny of the 
maize plant. 

Stull yet another aspect of the current invention is a 
glyphosate resistant, inbred, fertile maize plant comprising 
chromosomally incorporated expression cassette comprising 
(a) a modified maize EPSPS gene encoding an EPSPS 
product having isoleucine at position 102 and serine at 
position 106 and {b) a promoter active in maize operably 
linked to said EPSPS gene. The promoter may be selected 
from the group consisting of a rice actin promoter, a maize 
histone promoter and a fused CMV 35S-Arabidopsis histone 
promoter. The expression cassette may be derived from 
pDPG434, pDPG427 and pDPG443. In particular embodi- 
ments the inbred maize plant may be further defined as 
comprising a.transformation event selected from the group 
consisting of GA21, GG25, GJ11 and Fi117. 

Sull yet another aspect of the current invention is a 
glyphosate resistant, crossed fertile transgenic maize plant 
prepared according to ihe method compnising: (i) obtaining 
a fertile transgenic maize plant comprising a chromosomally 
incorporated expression cassette comprising (a) a modified 
maize EPSPS gene encoding an EPSPS product having 
isoleucine at position 102 and serine at position 106 and (b) 
a promoter active in maize operably linked to said EPSPS 
gene; (ij) crossing said fertile transgenic maize plant with a 
second maize plant lacking said expression cassette to obtain 
a third maize plant comprising said expression cassette; and 
(iii) backcrossing said third maize plant to obtain a back- 
crossed fertile maize plant; wherein said modified EPSPS 
gene is inherited through a male parent. In particular 
embodiments the second maize plant is an inbred. The third 
maize plant may be a hybrid. The maize plant may, m 
particular embodiments be further defined as compmising a 
transformation event selected from the group consisting of 
GA21, GG25, GJ11 and FI117. 

Still yet another embodiment of ihe invention is a gly- 
phosate resistant, crossed fertile transgenic maize plant 
prepared according to the method comprising: (i) obtaining 
a fertile ransgenic maize plant comprising a chromosomally 
incorporated expression cassette comprising. (a) a modified 
maize EPSPS gene encoding an EPSPS product having 
isoleucine at position 102 and serine at position 106 and (b) 
a promoter active in maize operably linked to said EPSPS 
gene; and (ii) crossing said fertile transgenic maize plant 
with a second maize plant lacking said expression cassette to 
obtain a third maize plant comprising said expression cas- 
scite; wherein said modified EPSPS gene is inherited 
through a female parent. In particular embodiments, the 
second maize plant may be an inbred, and the third maize 
plant may be a hybrid. The maize plant may, in particular 
embodiments, be further defined as compnsing a transior- 
mation event selected from the group iene of GA?1, 
GG25, GJ11 and FI117. 

Still yet another aspect of the invention is a glyphosate 
resistant, crossed fertile transgenic maize plant prepared 
according to the method comprising: (3) obtaining a fertile 
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transgenic maize plant comprising a chromosomally incoi- 
porated expression cassetle comprising (a) a modified maize 
EPSPS gene encoding an EPSPS product having isoleucine 
al position 102 and serine at position 106 and (b) a promoter 
active in maize operably linked to said EPSPS gene; (13) 
crossing said fertile transgenic maize plant with a second 
maize plant to obtain a third maize plant comprising said 
expression cassette; and (ii) backcrossing said third maize 
plant to obtain a backcrossed fertile maize plant; wherein 
said modified EPSPS gene is inherited through a female 


parent. In parucular embodiments, the maize plant may be 7 progeny maize plants including plants that express a chro- 
an inbred and the third maize plant may be a hybrid. In one mosomally incorporated expression cassette comprising (z) 
embodiment the maize plant may be further defined as a modified maize EPSPS gene encoding an EPSPS product 
comprising a transformation event selected from the group having isoleucine at position 102 and serine at position 106 
consisting of GA21, GG25, GJ11 and FI117. 15 and (b) a promoter active in maize operably linked to said 

Sill vet another aspect of the current invention is a EPSPS gene; (iii) selecting from said progeny maize plants 
glyphosate resistant, hybrid maize plant comprising a chro- a plant having resistance to glyphosate; and (iv) obtaining 
mosomally incorporated expression casselte comprising (a) seed from said selected progeny maize plant. In one embodi- 
a modified maize EPSPS gene encoding an EPSPS product ment the progeny maize plants are two generations removed 
having isoleucine al position 102 and serine at position 106 ., from the parenial transgenic maize plant. 
and (b) a promoter active in maize operably linked to said The progeny maize plants having resistance to glyphosate 
EPSPS gene. In one embodiment, the promoter is selected may be selected by testing plants for resistance to glyphosate 
from the group consisting of a rice actin promoter, a maize at an application rate of 1x (1x is equivalent to 16 ounces of 
histone promoter and a fused CMV 35S-Arabidopsis histone Roundup™ per acre}. The progeny maize plants having 
promoter and the expression cassette is derived from .,, resistance to glyphosate may be selected by testing plants for 
pDPG434, pDPG427 and pDPG443. The maize plant may, resisiance to glyphosate at an application rate of 4x. In a 
in particular embodiments, be further defined as comprising particular embodiment, the second fertile maize plant is 2 
a transformation event selected from the group consisting of non-transgenic maize plant. The second fertile maize plant 
GA21, GG25, GJ11 and FI117. may be pollinated with pollen from a male parental trans- 

Still yet another aspect of the invention is a glyphosate zg genic maize plant. The parental maize plant may be polli- 
resistant, hybrid, transgenic maize plant prepared according © nated with pollen from said second fertile maize plant and 
lo the method comprising crossing a first and second inbred wherein said parental maize plant is a female parental 
maize plant, whereia one of said first and second inbred lransgenic maize plant. 
maize plants comprises a chromosomally incorporated Stull yet. another aspect of the invention is a method of 
expression cassette comprising (a) a modified maize EPSPS 35 increasing the yield of corn ina field comprising: (1) planting 
gene encoding an EPSPS product having isoleucine ait fertile transgenic maize piants iransformed with an expres- 
position 102 and serine at position 106 and (b) a promoter sion cassette comprising (a) a modified maize EPSPS gene 
active in maize operably linked to said EPSPS gence. in one encoding an EPSPS protcin having isoleucine at position 
embodiment, the promoter is selected from the group con- 102 and serine at position 106 and (b) a promoter active in 
sisting of a rice actin promoter, a maize histone promoter 49 maize operably linked to said EPSPS gene; and (ii) applying 
and a fused CMV 35S-Arabidopsis histone promoter, and glyphosate to said field at an application rate that inhibits the 
said expression cassette is derived from pDPG434, yield of a maize plant that does not comprise said modified © 
pDPG427 and/or pDPG443. The maize plant may, in par- maize gene, wherein the yield of said fertile wansgenic 
ticular embodiments, be further defined as comprising a maize plant is not affected by said glyphosate application. In 
transformation event selected from the group consisting of 45 particular embodiments, the glyphosate application rate may 
GA21, GG25, GJ11 and FI117. be lx, 2x or 4x, ; 

Sul yet another aspect of the invention is a glyphcsate Sull vet another aspect of the invention is a method of 
resistant, crossed fertile transgenic maize plant prepared by inhibiting weed growth in a com field comprising: (i) 
a process comprising: (i) obtaining a fertile transgenic maize planting fertile transgenic maize plants transformed with an 
plant comprising a chromosomally integrated expression so expression cassette comprising (a) a modified maize EPSPS 
casselle comprising {a} a modified maize EPSPS gene gene encoding an EPSPS protein having isoleucine at posi- 
encoding an EPSPS product having isoleucine at position tion 102 and serine at position 106 and (b) a promoter active 
102 and serine at posilion 106 and (b) a promoter active in in maize operably linked to said EPSPS gene; and (i) 
maize operably linked to said EPSPS gene; (ii) crossing said applying glyphosate to said field at an application rate that 
fertile transgenic maize plant with a second maize plant to 55 inhibits the yield of a maize plant that does aot comprise said 
obtain a third maize plant comprising said expression cas- modified maize gene, wherein the yield of said fertile 
selle; and (ili) crossing said third fertile transgenic maize ransgenic maize plant is not affected by said glyphosate 
plant with a fourth maize plant to obtain a fifth transgenic application. In particular embodiments, the glyphosate 
maize plant comprising said expression cassette. In one application rate may be 1x, 2x, or 4x. 
embodiment, the second and fourth maize plants have the so Still yet another aspect of the invention is a method of 
same genotype. In another embodiment the second and growing corm comprising: (i) planting fertile wansgenic 
fourth maize plants have different genotypes. maize plants transformed with an expression cassette com- 

Still yet another aspect of the invention ts seed of a fertile, prising (a) a modified maize EPSPS gene encoding an 
transgenic maize plant, said seed comprising a chromosoma- EPSPS protein having isoleucine at position 102 and serine 
lly incorporated expression cassette comprising (a) a modi- 65 at position 106 and (b) a promoter active in maize operably 


fied maize EPSPS gene encoding an EPSPS product having 
isoleucige at position 102 and serine at position 106 and (6) 
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a promoter active in maize operably linked to said EPSPS 
gene, said seed prepared by a process comprising the steps 
of (3) oblaining a parental fertile, transgenic maize plant 
comprising a chromosomally incorporated expression cas- 
setie comprising (a) a modified maize EPSPS gene encoding 
an EPSPS product having isoleucine at position 102 and 
serine at position 106 and (b) a promoter active in maize 
operably linked to said EPSPS gene; (ii) breeding said 
parental plant with a second fertile maize plant to produce a 
plurality of progeny fertile, transgenic maize plants, said 


linked to said EPSPS gene; and (it) treating said corn with 
glyphosate at an application rate that inbibiis the yield of a 
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maize plant that does not comprise said modified maize 
gene, wherein the yield of said fertile transgenic maize plant 
is not affected by said glyphosate application. In particular 
ermbodiments, the application rate may be, 1x, 2x or 4x. 


It is clear that the ability to provide even a single fertile, 
transgenic corn line is generally sufficient to allow the 
introduction of the transgenic component (e.g., recombinant 
DNA) of that line into a second corn line of choice. This is 
because by providing fertile, transgenic offspring, the prac- 
lice of the Invention allows one to subsequently, through a 
series of breeding manipulations, move a selected gene from 
one corn line into an entirely different corn line. Therefore, 
the current invention is intended to include any maize plant, 
from any generahon which has one or more transgenes 
comprising a GA21, GJ11, GG25 or F1117 transformation 
event, and includes the seeds thereof. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1. Plasmid map of pDPG165. Restriction sites are 
shown and locations are indicated in base pairs. 

FIG. 2. Plasmid map of pDPG427. Restriction sites used 
for Southern blot analyses are shown and locations are 
indicated in base pairs. 

FIG. 3. Plasmid map of pDPG434. Restriction sites used 
for Southern blot analyses are shown and jocations are 
indicated in base pairs. 

FIG. 4. Plasmid map of pDPG443. Restriction sites used 
for Southern blot analyses are shown and locations are 
indicated in base pairs. | 

FIGS. 5A and 5B. (Scanned image) Souther biot analysis 
to determine the number of transgene insertions in GA21. A: 
Lane 1 contains GA21 DNA digested with EcoRV. Lane 2 
contains non-transformed control DNA digested with 
EcoRV. Lane 3 contains pDPG434 digested with Noti. The 
blot was probed with the 3.4 kb Notl fragment from 
pDPG434. B: The blot shown in A was stripped and rep- 
robed with a 324 bp fragment of the mutant EPSPS gene. 

FIG. 6. (Scanned image) Southern blot analysis to esti- 
matic the copy number and integrity of the mutant EPSPS 
Gene. Lane 1 contains GA21l DNA digested with EcoRI/ 
Xbal. Lane 2 contains nontransformed control DNA 
digested with EcoRI/Xbal. Lane 3 contains pDPG434 
digested with EcoRI/Xbal. The blot was probed with the 324 
bp EPSPS gene PCR fragment. 

FIG. 7. (Scanned image) Southern blot analysis to confirm 
the lack of plasmid backbone sequence in GA21. Genomic 
DNA of a bla gene transformed plant (lane 1), a GA21 plant 
(lane 2), and plasmid DNA of pDPG427 was digested with 
Belll. The blot was probed with a 1.7 SspI/AQ@MII kb frag- 
ment from pBluescript SK(~) that contains the ColE] origin 
of replication and the bla gene 

FIGS. 8A and 8B. Effect of glyphosate application on the 
growth and fertility of DK580 and DK626 BC, hybrids of 
GA21, F1117, GG25 and GJ11 transformation events. Treat- 
ments consisted of glyphosate applications at the Ox, 1x and 
4x rates (1xX=16 ounces of Roundup Ultra™/acre). Mean 
ELH (extended leaf height in centimeters) was measured 10 
days afier glyphosate application. A. Effects of glyphosate 
application at the V4 stage of development B. Effects of 
glyphosate application at the V8 stage of development. 

FIGS. 9A and 9B. Yield cffect of glyphosate application 
on DK580 and DK626 hybrids with the F117, GA21, GG25 
and GJ11 transformation events. Comparisons are made 
between the 4 transformation events in each of the two 
hybrids both with and without glyphosate application. 
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Additionally, comparisons are made between each of the 
hybrids with the introgressed transformation event versus 
the hybrid without the transformation event. A. Compari- 
sons of effect of glyphosate application on the yield of 
DK580 hybrids when applied at V4. B. Effect of glyphosate 


application on the yield of DK626 hybrids when applied at 
VB. 


FIG. 10. (Scanned image) Southern blot analysis to detect 
transgene insertions GA21. F1117. GG25 and GJ11. South- 
ern blot of Belli digested genomic DNA (lanes 2,5,10,11,12) 
and plasmid DNA (lane 13). Biot was probed with the 0.27 
kb nos 3' polyadenlylation region from the nopaline synthase 
gene of Agrobacterium numefaciens (Bevan, 1984). Lanes 2, 
5, 10 and 1i contain genomic DNA from plants having the 
F1117, GA21, GG25 and GJ11 transformation events, 
respectively. Lane 12 contains negative control DNA from a 
non-transformed maize plant and lane 13 contains pDPG427 
plasmid DNA. 


FIGS. 11A, 11B and 11C: (Scanned image) Southern blot 
analysis to defect transgene insertions GA21, GG25 and 
GJ11 using various restriction enzymes. Genomic DNA of a 
non-transformed control plant (lane 1) as well as GA21, 
GG25 and GJ11 (lanes 2, 3 and 4, respectively) transfor- 
mation event containing plants was digested with various 
restriction enzymes and probed with a PCR generated 324 
bp fragment of the EPSPS gcne (see example 8 for genera- 
tion of EPSPS fragment). DNA was digested with EcoRI 
(FIG. 1A), SphI (FIG. 11B) and Sacl(FIG. 11C). 

FIG. 12: Deduced amino acid sequence of the mutant corm 
EPSPS Protein. Sequence includes the OTP transit peptide 
isolated from corn and sunflower nbulose-1,5-bis phosphate 
carboxylase oxygenase (RuBisCo) genes, (amino acids 
1~125 are the transit peptide). 

FIGS. 13, 13-1, 13-2, 13-3, and 13-4: Field layout for. 
study of glyphosate resistance in GA21, GG25, F1117 and 
GJil DK580 and DK626 hybrids. The repetition (1-3), 
column (COL1-COLi12), row (1-4), hybrid (DK580 or 
DK626), transformation event (GA21, FIL17, GG25, or 
GJi1), transformed: or non-transformed stats (N or T), 
glyphosate application level (Ox, Ix or 4x), and develop- 
mental stage at glyphosate application (V4 or V8), are given. 
Tests were conducted in Dekalb, Ill., and Thomasboro, Il. 
during 1996. All rows were planted at double normal plant- 
ing density, i.e., 60 seeds per row, because hybnds segre- 
galed 1:1 for the glyphosate resistance trait. Sprayed plants 
were thinned to 30 plants per row no sooner than 7 days after 
application of glyphosate at a time whea glyphosate sus- 
ceptible plants could be identified. Unsprayed plots were 
thinned to 30 plants per row at the same time. 

FIG. 14. Plasmid map of pDPG425. Major components 
and restriction sites are shown and locations are indicated in 
kilobase pairs. 

FIG. 15. Plasmid map of pDPG405. Major components 
and restriction sites are shown and locations are indicated in 
base pairs. 


DETAILED DESCRIPTION OF THE 
INVENTION 


In addition to direct transformaiion of a particular geno- 


‘type with a mutant EPSPS gene, glyphosate resistant plants 


may be made by crossing a plant having a mutant EPSPS 
gene to a second, glyphosate sensitive plant. “Crossing” a 
plant to provide a plant line baving an increased yield 
relative to a starting plant line, as disclosed herein, is defined 
as the techniques thal result in a mutant EPSPS gene being 
introduced into a plant line by crossing a starting line with 
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a donor plant line that compnses a mutant EPSPS gene. To 
achieve this one would, generally, perform the following 
sleps: 

(a) plant seeds of the first (starting line) and second (donor 
plant Line that comprises a mutant EPSPS gene) parent 
plants; 

(b) grow the seeds of the first and second parent plants 
into plants ihat bear flowers; 

(c) pollinate the female flower of the first parent plant with 
the pollen of the second parent plant; and 

(d) harvest seeds produced on the parent plant bearing the 
female flower. 

Backcross conversion is herein defined as the process 
including the steps of: 

(a) crossing a plant of a first genotype containing a desired 
gene, DNA sequence or element to a plant of a second 
genotype lacking said desired gene, DNA sequence or 
element; 

(b) selecting one or more progeny plant containing the 
desired gene, DNA sequence or element; 

(c) crossing the progeny plant to a plant of the second 
genotype; and 

(d) repeating steps (b) and (c) for the purpose of trans- 
ferring said desired gene, DNA sequence or element 
from a plant of a first genotype to a plant of a second 
genotype. 

Introgression of a DNA element into a plant genotype is 
defined as the result of the process of backcross conversion. 
A plant genolype into which a DNA sequence has been 
introgressed may be referred to as a backcross converted 
genotype, line, inbred, or bybrid. Similarly a plant genolype 
lacking said desired DNA sequence may be referred to as an 
unconverted génotype, line, inbred, or hybrid. 

It is contemplated that glyphosate resistant plants may be 


obtained by transfer of the DNA sequence compmising a 3: 


mutant EPSPS gene and adjacent plant genomic DNA 
sequences from FI117, GA21, GG25 and GJ11 mutant 
EPSPS gene transformed donor plants to a recipient plant 
whereby the recipient plant has increased tolerance io the 
herbicide glyphosate following introduction of the mutant 
EPSPS gene~-encoding DNA segment. The DNA sequence 
may further be transferred to other genotypes through the 
process of backcross conversion and the glyphosate resis- 
tance of said backcress converted plants, or hybrids derived 
therefrom, is increased relative to the unconverted plant. The 
routant EPSPS gene integration events, as well as lhe 
associated vector DNA, may be used as genetic markers in 
marker assisted-breeding for the purpose of selecting maize 
plants with increased herbicide resistance. 

1. Herbicide Control of Weeds 

Chemical weed control is a science that involves knowl- 
edge in the fields of chemistry and biology, some familianty 
with reactions of plants to phytotoxic agents, and at least 
observational experience in the responses of common weeds 
and crops to herbicides. Weed and crop ecology and appre- 
ciation of the factors determining selectivity, tolerance, and 
susceptibility are important. And finally, one needs a vast 
backlog of detailed information concerning the role of weed 
control in practical agriculture. 

Weeds pose a threat io human health and welfare. They 
reduce the vield and value of crops; as well as increasing 
production apd harvesting costs. The principal means by 
which weeds cause these effects are: 

1. Competing with crop plants for the essentials of growth 

and development. 

2, Production of toxic or imrilant chemicals that cause 

human or animal health problems. 
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3. Production of immense quantities of seed or vegelative 
reproductive parts or both that contaminate agricultural 
products and perpeluate the species in agricultural 
lands. 

4, Production on agricultural and nonagricultural lands of 
vast amounts of vegetation that must be disposed of. 

In nonagricultural areas, weeds are often considered more 

of a nuisance than a threal; bul even in this case weeds are 
a potential human hazard. Weed pollen may cause hay fever 
or other allergies, and toxic chemicals present in their sap or 
on their leaves may cause skin irritations or rashes when 
brushed agains Some substances produced by weeds are 
deadly when ingested. Weeds tend to hide tools and 
equipment, switches and valves, irrigation gates, and even 
holes in the ground. Dense, moisture-holding weed growth 
aids in the deterioration of wooden structures and the rusting 
of metal fences, buildings, and immobile machinery. Dead, 
dry weeds constitute a fire hazard, subject to ignition by a 


spark, a carelessly tossed cigarette, or even a piece of glass 


reflecting sunlight. Weeds reduce the enjoyment of recre- 
ation areas. They impede the flow of water in waterways and 
hamper water trafic especially in tropical and subtropical 
regions. 

In agricultural lands, weeds reduce crop yields and 
quality, interfere with harvesting, and increase ithe ume and 
costs involved in crop production. Weeds harbor insects and 
plant disease orgamisms; and in Some cases, they serve as 
essential allernate hosts for these pests. Some weeds are 
undesirable in hay, pastures, and rangelands because of the 
mechanical injury that they inflict on Livestock. Woody 
stems, thoms, and stiff seed awns cause injury to the mouth 
and digestive tract of livestock; and the hairs and fibers of 
some plants iend to ball up and obstruct the intestines, 
especially in horses, causing serious problems. Ingested by 
milk cows, some weeds such as ragweeds, wild garlic 
(Allium vineaie L.), and mustard, among others, impart a 
distinctly distasteful odor or flavor to milk and butter. 
Barbed seed dispersal units may become so entangled in the 
wool of sheep as to greatly diminish its market value. 
Parasitic plants, such as dodder (Cuscuta sp.), broomrape 
(Orobanche sp.}, and witchweed, rob their host plants of 
organic foodstuffs. 

Weeds may additionally serve as host plants for pests of 
agriculture. Examples of weeds that serve as hosts for plant 
pests are cited below. Pepperweed and tansymustard 
(Descurainia sp.) maintain large populations of diamond- 
back moths during the late fall, winter, and spring; they are 
also hosts to the turnip aphid and green peach aphid. Several 
weed species by the nightshade family (Solanaceae) aie 
hosts to insects that commonly attack eggplant, pepper, 
potato, and tomato; for example, horsenettle (Solan caro- 
linense L.) is a host of the Colorado potalo beetle, and black 
nightshade (8. nigrum L.) is a host of the cabbage looper. 
Morning-glory is an important host of insects atlacking 
sweet potato, especially the highly destructive sweet poiaio 
weevil. Ragweed serves as a host for Mapsonia mosquitoes, 
an insect vector for the human diseases encephalitis and 
rural filariasis. European barberry (Berberis vulgaris L.) is 
an essential host of the wheat stem rust in the northern wheat 
regions of the Uniled States. Goosegrass (Eleusine induce 
[L.] Great.) and purple nutsedge are hosts of barley yellow 
dwarf virus. Currants and gooseberries (Ribes sp.) are hosts 
for white pine blisier rust. : 

One crop which is highly reliant on chemical control of. 
weeds is corn. Com has been grown on 60 million to 83 
million acres per vear in the period from 1982 to 1993. In 
1993, fifteen states had corn acreage in excess of one million 
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acres, and 749 of the crop was grown in Iowa, Illinois, 
Nebraska, Minnesota, and indiana. Herbicides were applied 
io about 97% of the corn acreage in the United States, and 
over 98% of the corn acreage in Iowa, Illinois, Minnesota, 
and Indiana had herbicide applications (Agricultural Chemi- 
cal Usage, 1994). Furthermore, an average of 2.1 active 


way 


12 


TABLE 1-continued 





Herbicide Applications to Corn 
Percent of Acres Treated with Maior Com Herbicides 


Major Corn Growing 





ingredients were applied per acre in 1992. ae States . 
Weeds eee ak ie for nutrients, water, and light Herbicide Name {including Minr.) Minnesota 
and when not controlled can significantly reduce the yield of Dicamba 21 a8 
corn. For examples, it is estimated thal between 1972 and 10 Cyanazine 20 16 
1976 corn yields were reduced by about 10% due to weeds ae - 7 5 
(Chandler, J. M., 1981, CRC Handbook of Pest Management ceil ae 


in Agriculture, Vol. I, edited by Pimentel, D., pp. 95-109). 
it is especially important to control weed growth early in 
com plant development, because even small numbcrs of 
weeds can have a dramatic negative impact on crop yield. 
Weeds are primarily controlled by mechanical or chemical 
means. Although mechanical cultivation is widely practiced, 
chemical weed control measures are wide spread and greater 
than 95% of the corn crop in the United States is treated with 
chemical herbicides. Indiscriminate use of herbicides, 
however, can lead io development of resistant weeds. There- 
fore it is important to develop methods of chemical weed 
control that represent novel modes of action and are unlikely 
to select for resistant weeds. 

A diverse group of weed species necessitates a range of 
weed control methods in com. Broad leaf weeds such as 
velvetieaf, pigweed, wild sunflowers, ragweed, and smari- 
weed are of concern in corn. Furthermore, grass weeds such 
as johnson grass, shattercane, fall panicum, ioxtauls, 
quackgrass, wild proso millet and wooly cupgrass are com- 
mon in corn. Perennial weeds are an additional problem as 
they are able to propagate by seed and/or underground plants 
parts, and may necessitate multiple herbicide applications. 
The wide array of weed species that are found in com field 
requires the use of multiple type of berbicides and multiple 
applications in order to achieve weed control. Therefore, 
herbicide application regimes vary depending on the weed 
spectrum and local agronomic practices. Table 1 summarizes 
herbicide treatment of corm acreage in 1993. 

A diverse group of weed species necessitates a range of 
weed control methods in com. Broad leaf weeds such as 
velvetleaf, pigweed, wild sunflowers, ragweed, and smart- 
weed are of concern in corn. Furthermore, grass weeds such 
as johnson grass, shattercane, fall panicum, foxtails, 
quackgrass, wild proso millet and wooly cupgrass are com- 
mon in corn. Perennial weeds are an additional problem as 
they are able to propagate by seed and/or underground plants 
parts, and may necessitate multiple herbicide applications. 
The wide array of weed species that are found in com field 
requires the use of multiple type of herbicides and multiple 
applications in order to achieve weed control. Therefore, 
herbicide application regimes vary depending on the weed 
spectrum and local agronomic practices. Table 1 summarizes 
herbicide treatment of comm acreage in 1993. 


TABLE 1 





Herbicide Applications ta Com 
Percent of Actes Treated with Major Corn Herbicides 


Major Com Growing 
Siates 





t 
Lo) 


{oa 
“ity 


55 


60 





Source: Agricultural Chemica] Usage, March 1994, NASS and ERS. USDA. 


A single application of berbicides near the time of plant- 
ing is most common for com. Usually this application 
comprises one of the triazine herbicides (atrazine, 
cyanazine, simazine) to control broadleaf weeds and an 
acetanilide herbicide (metolachlor, alachlor) ta control 
annual grasses. Control of broadleaf weeds and problem 
grasses with postemergenot herbicides such as dicamba, 
bromoxynil, bentazon, nicosulfuron and pnmisulfuron, 
occurred on about half of the corm acreage in 1993. Choice 
of herbicide is consistent in all but the north central states 
(e.g., Minnesota and South Dakota). Atrazine was used on 
about 69% of the com acreage in 1993. 

The most common tank mix was atrazine and metolachlor 
for broad spectrum weed control. Herbicide usage in the 
north central states, however, differs in that there is reduced 
usage of atrazine due to carryover to small grains and 
soybeans in the high pH, low rainfall soils of the region. 
Furthermore, because the growing season is shorter in the 
north central region, posiemergent herbicides are preferred 
in thal they do not delay planuing operations. For example, 
in 1993, the most common herbicide used on com in 
Minnesota was the postemergent herbicide dicamba (all data 
from Agricultural Chemical Usage, 1994). 

In selecting a herbicide for control of weeds in com, a 
chemical must be chosen that has 2 suitable spectrum of 
weeds thai are killed and will not have adverse long lasting 
effects on the environment. In addition with increasing n0 
till and minimum tll acreage for corn, ii is necessary to have 
weed control agents available that can be applied post- 
emergence and spot applied as needed. Some of the berbi- © 
cides currently applied to corn are limited in weed spectrum, 
may persist in soil or contaminate ground waiter, or may lead 
io the development of herbicide resistant weeds. Moreover, 
some herbicides that have reduced potential for adverse 
environmental effects and exhibit a broad spectrum of weed 
killing ability are non-discriminatory in their plant killing 
ability, ie. crop plants such as com are equally affected as 
weed species. It is only through introduction of genes 
conferring resistance to such herbicides that these chemicals 
can be used for weed control in corn. 

Glyphosate is a broad specirum post-emergence herbicide 
that is rapidly degraded in soil, has a low toxicity to 
non-target organisms, and does not contnbute to ground 
water contamination. The availability of glyphosate for 
weed control in field grown com has previously been 
lacking because of the broad spectrum of its effects. The 
glyphosate resistant transgenic plants described herein will 


Herbicide Name (Including Minn.) Minnesota give the farmer increased flexibility in dealing with weed 
: problems. Glyphosale resistant cor hybrids will offer the 

Atrazine 69 af 7 . . ies : 

Nicesnehloy 32 24 65 farmer 1) the use of a new herbicide which offers broad 

Alechlor 24 23 


A69 


spectrum control of annual and perennial, broad leaf and 
grass weeds; 2) less dependence on pre-plant herbicide 
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applications; 3) increased flexibility in applying herbicides 
on an as needed basis; 4) a new herbicidal mode of action 
which will decrease the likelihood of development of her- 
bicide resistant weeds; and 5) a herbicide for use in no-till 
systems which conserve fuel and reduce soil erosion. 
Because of the advantages oflered, post-emergenl herbicides 
are being applied to increasing acreage of corn every year, 
e.g., about 15 million acres of corn, 20% of the total corn 
acteage, receive only post-emergent herbicide applications. 
Glyphosate resistant com will provide the farmer with ap 


10 gold, platinum, and the like. It is contemplated that in some 
alternative weed control method. Currently on the average instances DNA precipitation onto metal particles would not 
2.1 herbicides are applied to corn during the growing season. be necessary for DNA delivery to a recipient cell using 
It is expected that the usc of glyphosate for weed control will microprojectile bombardment. However, it is contemplated 
reduce the number of kinds of herbicides applied as wellas _—that particles may contain DNA rather than be coated with 
the number of required applications. Glyphosate resistant 15 DNA. Hence it is propased that DNA-coated particles may 
corn will, therefore, decrease the environmental risks posed jacrease the level of DNA delivery via particle bombard- 
by herbicides while at the same time increasing the efficacy ment but are not, in and of themselves, necessary. 
of chemical weed control. An advantage of microprojectde bombardment, in addi- 
il. DNA Delivery tion to it being an effective means of reproducibly stably 

Foliowing the generation of recipient cells, the present 20 transforming monocots, is that neither the isolation of pro- 
invention generally next inchides steps directed to introduc- ioplasts (Cristou et al., 1988) nor the susceptibility to 
ing an exogenous DNA segment into a recipient cell to Agrobacterium infection is required. An illustrative embodi- 
create a transformed cell. The frequency of occurrence of ment of a method for delivering DNA into maize cells by 
cells receiving DNA is believed to be low. Moreover, it is acceleration is a Biolistics Particle Delivery System, which 
most likely that not all recipient cells receiving DNA seg- 25 can be used to propel particles coated with DNA or cells 
ments will result in a transformed cell wherein the DNA is through a screen, such as a stainless steel or Nytex screen, 
stably integrated into the plant genome and/or expressed. onto a filter surface covered with com celis cultured in 
Some may show only initial and transient gene expression. suspension. The screen disperses the particles so that they 
However, certain cells [from virtually any monocot species are nol delivered to the recipient cells in large aggregates. It 
may be stably transformed, and these cells developed into 30 is believed that a screen intervening between the projectile 
transgenic plants, through the application of the techniques apparatus and the cells to be bombarded reduces the size of 
disclosed herein. projectiles aggregate and may contribute to a higher fre- 

There are many methods for introducing transforming quency of transformation by reducing damage inflicted on 
DNA segments into cells, but not all are suitable for deliv- the recipient cells by projectiles that are too large. 
ering DNA to plant cells. Suitable methods are believed io 35 For the bombardment, cells in suspension are preferably 
jnclude virtually any method by which DNA can be intro- concentrated on filters or solid culture medium. 
duced into a cell, such as by Agrobacterium infection, direct Alternatively, immature embryos or other target cells may be 
delivery of DNA such as, for example, by PEG-mediated arranged on solid culture medium. The cells to be bom- 
transformation of protoplasts (Ominulich et al., 1993), by barded are positioned at an appropriate distance below the 
desiccation/inhibition-mediated DNA uptake, by 40 macroprojectile stopping plate. If desired, one or more 
electroporation, by agitation with silicon carbide fibers, by screens may be positioned between the acceleration device 
acceleration of DNA coated particles, etc. Agrobacterium- and the cells to be bombarded. Through the use of tech- 
mediated transformation of maize was described in US. Pat. niques set forth herein one may obtain up to 1000 or more 
No. 5,591,616, which is specifically incorporated herein by foci of cells transiently expressing a marker gene. The 
reference. In certain embodiments, acceleration methods are 45 number of cells in a focus which express the exogenous gene 
preferred and include, for example, microprojectile bom- product 48 hours post-bombardment often range from 1 to 
bardment and the lke. 10 and average i to 3. 

(i) Electroporation In bombardment transformation, one may optimize the 

Where one wishes to introduce DNA by means of prebombardment culturing conditions and the bombardment 
electroporation, it is contemplated that the method of so parameters to yield the maximum numbers of stable trans-- 
Krzyzek et al. (U.S. Pat. No. 5,384,253, incorporated herein formants. Both the physical and biological parameters for 
by reference) will be particularly advantageous. In this bombardment are important in this technology. Physical 
method, certain cell wall-degrading enzymes, such as factors are those that involve manipulating the DNA/ 
pectin-degrading enzymes, are employed to render the large! microprojectile precipilate or those that affect the fight and 
recipient cells more susceptible to transformation by elec- 55 velocity of either the macro- or microprojectiles. Biological 
troporation than untreated cells. Aliemnatively, recipient cells factors include all steps involved in manipulation of cells 
are made more susceptible to transformation, by mechanical before and immediately after bombardment, the osmotic 
wounding. adjustment of target cells to help alleviate the trauma asso- 

To effect transformation by electroporation one may ciated with bombardment, and also the nature of the trans- 
employ either friable lissues such as a suspension culture of 60 forming DNA, such as linearized DNA or intact supercoiled 
cells, or embrvogenic callus, or alternatively, one may plasmids. It is believed that pre-bombardment manipulations 
transform immature embryos or other organized tissues are especially important for successiul transformation of 
directly. One would partially degrade the cell walls of the immature embryos. , 
chosen cells by exposing them to pectin-~degrading enzymes Accordingly, it is contemplated that one may wish to 
(pectolyases) or mechanically wounding in a controlled 65 adjust various of the bombardment parameters in small scale 


manner. Such cells would then be recipient to DNA transfer 
by electroporation, which may be carried out at this stage, 


ty 


A710 


14 


and transformed cells then identified by a suitable selechon 
or screening proloco!] dependent on the nature of the newly 
incorporated DNA. 

(ii) Microprojectde Bombardment 

A further advantageous method for delivering ransiorm- 
ing DNA segments to plant cells is microprojectile bom- 
bardment. In this method, particles may be coated with 
nucleic acids and delivered into cells by a propelling force. 
Exemplary particles include those comprised of tungsten, 


studies to fully optimize the conditions. One may particu- 
larly wish to adjust physical parameters such as gap 
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distance, Hight distance, tissue distance, and helium pres- 
sure. One may also minimize the trauma reduction [actors 
(TRFs) by modifying conditions which influence the physi- 
ological state of the recipient cells and which may therefore 
influence transformation and integration efficiencies. For 
example, the osmotic state, issue hydration and the subcul- 
ture stage or cell cycle of the recipient cells may be adjnsted 
for opium transformation. Results from such small scale 
optimization studies are disclosed herein and the execution 
of other routine adjustments-will be known to those of skill 
in the art in light of the present disclosure. 

Ill. Recipient Cells for Transformation 

Tissuc culture requires media and controlled environ- 
ments. “Media” refers to the numerous nutrient mixtures 
that are used to grow cells in vitro, that is, outside of the 
intact living organism. The medium is usually a suspension 
of various calegones of ingredients (salts, amino acids, 
erowth regulators, sugars, buffers) that are required for 
growth of most cell types. However, each specific cell type 
requires a specific range of ingredient proportions for 
growth, and an even more specific range of formules for 
optimum growth. Rate of cell growth will also vary among 
cultures initiated with the array of media that permit growth 
of that cell type. 

Nutrient media is prepared as a liquid, but this may be 
solidified by adding the liquid to materials capable of 
providing a solid support. Agar is most commonly used for 
this purpose. Bactoagar, Hazelton agar, Gelrite, and Gelgro 
are specific types of solid support that are suitable for growth 
of plant cells in Ussue culture. 

Some cell types will grow and divide either in liquid 
suspension or on solid media. As disclosed herein, maize 
cells will grow in suspension or on solid medium, but 
regeneration of plants from suspension cultures requires 
transfer from Jiquid to solid media at some point in devel- 
opment. The type and extent of differentiation of cells in 
culture will be affected not only by the type of media used 
and by the environment, for example, pH, but also by 
whether media is solid or liquid. Table 2 illustrates the 
composition of various media useful for creation of recipient 
cells and for plant regeneration. 

Recipient cell targets include, but are not limited 10, 
meristem cells, Type I, Type I, and Type I callus, imma- 
ture embryos and gametic cells such as microspores pollen, 
sperm and egg cells. It is contemplated that any cell from 
which a fertile transgenic plant may be regenerated is useful 
as a recipient cell. Type 1, Type il, and Type Il calius may 
be initiated from tissue sources including, but not limited to, 
immature embryos, seedling apical meristems, microspores 
aud the such. Those cells which are capable of proliferating 
as callus are also recipient cells for genetic transformation. 
The present invention provides techniques for transforming 
immature embryos followed by initiation of callus and 
subsequent regeneration of fertile transgenic plants. Direct 
transformation of immature embryos obviates the need for 
long term development of recipient cell cultures. Pollen, as 
well as its precursor cells, microspores, may be capable of 
funclioning as recipient cells for genetic transformation, or 
as vectors to carry foreign DNA for incorporation during 

ertilization. Direct pollen transformation would obviate the 
need for ceil culture. Meristematic cells (i.e., plant cells 
capable of continual ceil division and charactenzed by an 
undifferentiated cytological appearance, normally found at 
growing points or tissues in plants such as rool tips, stem 
apices, lateral buds, etc.) may represent another type of 
recipient plant cell. Because of their undifferentiated growth 
and capacity for organ differentiation and totipotency, a 


i0 


is 


a 


40 


50 
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single transformed meristematic cell could be recovered as 
a whole transformed plant. In fact, il is proposed that 
embryogenic suspension cultures may be an in vitro mer- 
istematic cell system, retaining an ability for continued cell 
division in an undifferentiated state, controlled by the media 
environment. 

Cultured plant cells that can serve as recipient cells for 
transforming with desired DNA segments include com cells, 
and more specifically, cells fom Zea mays L. Somatic cells 
are of various types. Embryogenic cells are one example of 
somatic cells which may be induced to regenerate a plant 
through embryo formation. Non-embryogenic cells are those 
which typically will not respond in such a fashion. An 
example of non-embryogenic cells are certain Black Mexi- 
can Sweet (BMS) corm cells. These cells have becn trans- 
formed. by microprojectile bombardment using the neo gene 
followed by selection with the aminoglycoside, kanamycin 
(Klein et al., 1989). However, this BMS culture was not 
found to be regenerable. 

The development of embryogenic maize calli and suspen- 
sion cultures useful in the context of the present invention, 
¢.g., aS recipient cells for transformation, has been described 
in U.S. Pat. No. 5,134,074, which is incorporated herein by 
reference. 

Certain techniques may be used that enrich recipient cells 
within a cell population. For example, Type II callus 
development, followed by manual selection and culture of 
friable, embryogenic tissue, generally results in an enrich- 
ment of recipient cells for use in, for example, micro- 
projectile transformation. Suspension culturing, particularly 
using the media disclosed herein, may improve the ratio of 
recipient to non-recipient cells m any given population. 
Manual selection techniques which can be employed to 
select recipient cells may include, e.g., assessing cell mor- 
phology and differentiation, or may use various physical or 
biological means. Cryopreservation is a possible method of 
selecting for recipient cells. , 

Manual selection of recipient cells, e.g., by selecting 
embryogenic cells from the surface of a Type II callus, is one 
means that may be used in an attempt to enrich for recipient 
cells prior to culturing (whether cultured on solid media or 
in suspension). The preferred cells may be those located at 
ihe surface of a cell cluster, and may further be identifiable 
by their lack of differentiation, their size and dense cyto- 
plasm. The preferred cells will generally be those cells 
which are less differentiated, or nol yet committed to dif- 
ferentiation. Thus, one may wish io identify and seiect ihose 
cells which are cytoplasmically dense, relatively unvacu- 
olated with a high nucleus to cytoplasm ratio (e.g., deter- 
mined by cytological observations), small in size (e.g., 
10-20 :m), and capable of sustained divisions and somatic 


- proembryo formation. 


60 


A7\ 


It is proposed that other means for identifying such ceils 
may also be employed. For example, through the use of 
dyes, such as Evan’s blue, which are excluded by cells with 
relatively non-permeable membranes, such as embryogenic 
cells, and taken up by relatively differentiated cells such as 
root-like cells and snake cells (So-called due to their snake- 
like appearance). 

Other possible means of identifying recipient ceils include 
the use of isozyme markers of embryogenic cells, such as 
glutamate dehydrogenase, which can be detected by 
cytochemical stains (Fransz et al., 1989). However, it is 
cautioned that the use of isozyme markers such as glutamate 
dehydrogenase may lead to some degrec of false positives 
from non-embryogenic cells such as rooty cells which 
nonetheless have a relatively high metabolic activity. 
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(i) Culturmg Cells to be Recipients for Transformation 


The inventors believe that ibe ability to prepare and TABLE 2-continued 


cryopreserve cultures of maize cells is important to certain 
aspects of the present invention, in thal il provides a means 
for reproducibly and successfully prepaniag cells for 
particle-mediaied transformation, electroporation, or other 
methods of DNA introduction. The studies described below 
set forth techniques which have been successfully applied by 
the inventors io generate transformable and regenerable 











Tissus Culture Media Which are Used for Type Hf Callus 


Development, Development of Suspension Cultures and Regeneranoa 


of Plant Cells (Soecifcally Maize Cells) 


BASAL 
MEDLA NO. MEDIUM 


OTHER COMPONENTS** 


SUCROSE pH (Ameuat/L) 





107° M ABA 
cultures of maize cells. A variety of different types of media 10 100 mg myo-inositol 
have been developed by the inventors and employed in 48 eg Spee 
carrying out various aspects of the invention. The following . "(04 mg NAA 
table, Table 2, sets forth the composition of the media RT vitamins 
preferred by the inventors for carrying out these aspects of 1.65 mg thiamine 
the invention. 15 1.38 g L-proline 
20 2 sorbitol 
Bactoagar 
TABLE 2 289 MS 5.8 3 mg BAP 
4 mez NAA 
Tissue Culture Media Which are Used for Type II Calles 5 mg niacie 
Develcpmeat, Development of Suspension Cultures and Regeneration 20 $00 mg L-esperagine 
of Plant Cells (Specifically Maize Cells) - 100 mg casamino acids 
29 g sorbitol 
BASAL OTHER COMPONENTS ** 1.4 g L-proline 
MEDIA NO. MEDIUM SUCROSE pH (Amount/L) ae mg myo-inositol 
elero 
7 MS" 2% 6.0 25 mg thiamine 201 N6 2 5.8 N6 vitamins 
5 mg BAP 3S 2 mg L-giycine 
5 mg NAA 1 mg 2,4-D 
Bactoagar 100 mg casein hydrolysate 
10 MS 2% 6.0 25 mgthiamice 2.9 g L-proline 
1 mg BAP Gelgro 
1 me 2+D 295 NG 2 5.8 NG vitamins 
400 meg L-prolins 30 2 mg L-glycine 
Bactoagar ~» meg 2,4-D 
ig MS 2% 6.0 .25 mg thiamine 100 mg cassin hydrolysate 
25 mg BAP 29 ¢ L-proline 
25 mg NAA Gelgro 
Bactoager =09 NG 3.8 N6& vitamins 
20 MS 3% §.0 .25 mg 35 2 mg L-giycine 
1 mg BAP 100 mg casein bydrolysate 
Img NAA 0.69 ¢ L-proline 
Bactoagar Bactoagar 
a2 MS 2% 6.0 25 mg thiamine 210 N6 $5 N6 vitamins 
1 mg 2,4-D 2 mg 2+ 
10°? M ABA £0 250 nig Ca pantothenate 
BACTOAGAR * 100 mg myo-inositol 
101 MS 3% 6.0 MS vitamins 720 mg L-asparagine 
100 mg myo-isosito! 100 mg casein hydrolpats 
Bactcagar 1.4 g L-proline 
j42 MS 6% 6.0 MS vitamins Hazclion agar**** 
5 mg BAP 2 mg L-glycine 
0.186 mg NAA 35 212 N6 5.5 N6 vitamins 
0.175 mg [AA 2 mg L-glycine 
0.403 mz 2 2 mg 2,4-D 
Bactogger 250 mg Ca pantothenate 
157 MS 6% 6.0 MS vitamins 100 mg myo-inositol 
100 mg myo-inosizo] 100 mg casein hydrolysate 
Bactoagar 30 1.4 g L-proline 
163 MS 3% 6.0 MS vitamins Hazelton agar**** 
3.3 mg dicaniba 227 N6 24 5.8 N6 vitamins 
103 mg myo-inositol 2 mg L-glycine 
Bactoagaz 13.2 mg dicambe 
171 MS 3% 6.0 MS vitamins 100 meg casein hydrolysate 
25 mg 2,4-D 55 29 g L-proline 
100 mg BAP Gelsro 
100 mg myo-inositol 273 NG 2% 5.3 N6 vitamins 
Bactoagar 2 me L-glycine 
173 MS 6% 6.0 MS vitamins 1 mg 2,4-D 
5 mg BAP 16.9 mg AgNO, 
185 me NAA 100 mg casein hydrelysate 
173 mg LAA 29 g L-proline 
403 me 21P 279 N6 2% 5.8 3.3 mg dicamba 
10°7 MABA 1 mg thiamine 
209 mz myo-inositol 5 me niacin 
Bactosgar $00 mg L-esparagine 
7 MS 3% 6.0 MS vitamins 109 mg cascin hydrolysate 
.25 mg 2,4 65 100 me myoinesitol 


10 mg BAP 


Al 2 


1.4 g L-proline 
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TABLE 2-continued TABLE 2-continued 
Tissue Culture Media Which are Used for Type If Callus Tissue Culture Media Which are Used for Type 01 Callus 
Development, Development of Suspension Cultures and Regeneratica : Development, Development of Suspension Cultres and Regeneretion 
of Plant Cells (Specifically Maize Cells ° of Plant Cells (Specifically Maize Cells) 
BASAL OTHER COMPONENTS** BASAL OTHER COMPONENTS** 
MEDIA NO. MEDIUM SUCROSE pH (Amount/L) MEDIA NO. MEDIUM SUCROSE pH (Amount/L) 
Gelgro""** 100 mg casein hydrolysate 
288 N6 3% 3.3 mg dicamba 10 29 g L-proline 
1 mg thiamine Gelgro 
3 mg niacia 72! N6 3% 5.8 N6 vilamins 
3 g L-asparagine 2 mg L-glycine 
100 mg myo-inosital 9.9 me dicamba 
1.4 g L-proline 16.9 mg AgNO, 
109 mg casein hydrolysate 44.5 100 mg cascin hydrolysate 
16.9 mg AgNO, 29 g L-proline 
Gelgro Gel 
401 MS 3% §.0 3.73 mg Na,EDTA 134 NS 2% 5.8 N6 vitamins 
25 mg thiamine 2 mg L-glycine 
I me 34D 1.5 mg 2,4-D 
2 me NAA 14 g Fe sequestreene 
200 mg casein hydrolysate si (seplaces Fe-EDTA) 
509 mg K,SO, 200 mg casein hydrolyste 
400 mg KH,PO, ei g L-proline 
300 mg myo-inositol Gelrite 
402 MS 3% §.0 3.73 mg Ne,EDTA 73s N6 2% 5.8 1 meg 2,4-D 
25 mg thiamine 5 mg niacin 
1 mg 2,4-D 25 91 g L-asparagins 
200 mg cassin hydrolysate 100 mg myo-isositol 
2.9 g L-prolins 1 mg thiamine 
500 mg K.SO, ot eons 
400 mg KH.PO, 15 g MgCl, 
190 mg myo-inositol 100 mg cascin hydrclysate 
409 MS 3% 6.0 3.73 mg N2e,EDTA 30 0.69 g L-proline 
25 mg thiamine Gelgro 
9.9 mg dicamba 2004 N6 3% 5:8 1 mg thiantins 
200 mg cascin hydrolysate 0.5 mg niacio 
ues Li 
TB Aas oa “3 
a. * Tiel 
mg myo-inesito gL- gins 
301 Clark's 2% act : 100 mg cascin hydrolysate 
Me- 100 mg myo-inesital 
dium*** Gelrite 
607 4x MS 3% $.8 1 mg thiamine 2008 N6 3% a0 es thiamine 
_ 1 mg niacin . LS mg niacin 
Gels = 3.3 mg dicamba 
615 MS 3% 6.0 MS vitamins 1.4 g L-proline 
6 mg BAP 0.8 g L-asparegine 
103 mg myo-inositol Gelnite 
Bactoagar 
617 tax MS 15% 5.0 MS vitamins *Basic MS medium described in Murashige and Skoog (1962). This medium 
$0 mg myo-incsito} 45 is typically modified by decreasing the NH,NO, from 1.64 gflio 155 gf, aad 
Bactoagar omitting the pyndoxine HCl, nicotinic acid, myo-inesitel and glycine. 
708 NS 2% 5.8 N6 vilamiss Mee previ age Acid 
2 mg L-glycine LAA = Indole Aceti 
a5 a 2,4 2-IP = 2, isopentyl adenine 
200 mg casein hydrolysate 24D = 2,4-Dichlorophenoxyacetic Acid 
0.59 ¢ L-proline 50 BAP = anes = 
Gelrite ABA = abscisic act 
721 N6 2% 3.8 3.3 mg dicamba "“~Basic medium described in Clark (2982) a 
1 mg thiamine s«=«"These media may be made with or without solidifying agent. 
5 mg niacin , 
800 mg L-asparegine A oumber of transformable maize cultures have been 
100 mg myo-inositol 55 developed using the protocols outlined in the following 
100 mg casein hydrolysate examples. A compilation of the cultures initiated and tested 
ae ae for transformability is set forth in Table 3, with the results of 
aa the studies given in the two right-hand columns. The Table 
126 (NG 3% «5.8 3.3 mg dicamba indicates the general selection protocol that was used for 
+ ing aiacie sg cach of these cultures. The numeral designations under 
ae “Protocal” represeat the following: 
109 mg myo-inositol 1. Tissue (suspension) was plated on filters, bombarded 
100 mg cascin hydrojysate and then filters were transferred to culture medium. 
Ps 6) el After 2-7 days, the fillers were transferred to selective 
T27 N6 St 5.8 N6 vitamins 7 7 : iw 3 
2 mg L-glycine 65 medium. Approximately 3 weeks after bombardment, 
9.9 mg dicambe tissue was picked from filters as separate callus clumps 


onto fresh selective medium. 
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2. As in 1 above, except after bombardment the suspen- 
sion was put back into liquid—subjected to hquid 
selection for 7~14 days and then pipetted at 2 low 
density onto fresh selection plates. . 
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may be grown either on solid supports or in the form of 
liguid suspensions. In either instance, nutrients may be 
provided to the cells in the form of media, and environmen- 
tal conditions controlled. ‘There are many types of ussue 


3. Callus was bombarded while sitting directly on 5 culture media comprised of amino acids, salts, sugars, 
medium or on filters. Cells were transferred to selective srowih regulators and vilamins. Most of the media 
medium 1~14 days after particle bombardment. Tissue = employed in the practice of the invention will have some 
was transferred on filters 1-3 times at 2 weeks intervals similar components (see, Table 2), the media differ in the 
to fresh selective medium. Callus was thea briefly put composition and proportions of iheir ingredients depending 
into liquid to disperse the tissue onto selective plates at 19 oy the particular application envisioned. For example, vari- 
aioe cau . ous cell types usually grow in more than one type of media, 

4, Callus tissue wes transferred onto selective plates one but will exhibit different growth rates and different 
to seven days after DNA introduction. Tissue was morphologies, depending on the growth media. In some 
oar as small units of a on selective plates media, cells Siege ‘it de fot divide / 
until transformants were identified. . : | og . 

The totals demonstrate that 27 of 37 maize cultures were SR richards) Se of media suitable for culture of plant —— 
transformable. Of those cell lines tested 11 out of 20 have nave been previously described. Examples of these media 
produced fertile plants and 7 are in progress. As this table include, but are not limited to, the N6 medium described by 
indicates, transformable cultures have been produced from = CBU al. (1975) and MS media (Murashige & Skoog, 
ten different genotypes of maize, including both hybrid and 1962). The inventors have discovered that media such as MS 
inbred varieties. These techniques for development of trans- 20 which have a high ammonia/nitrate ratio are counterproduc- 
formable cultures are important in direct transformation of live to the generation of recipient cells in that they promote 
intact tissues, such as immature embryos as these techniques loss of morphogenic capacity. N6 media, on the other hand, 
rely on the ability to select transformants in cultured cell hes a somewhat lower ammonia/nitrate ratio, and 1s con- 
systems. templated to promote the generation of recipient cells by 
25 maintaining cells in a proembryonic state capable of sus- 
TABLE 3 tained divisions. 
(iii) Maintenance 
lnitigied Maize Culnures_ The method of maintenance of cell cultures may contrib- 
Genotype Culmure Method “Traasformable Penile Plants ule to their utility as sources of recipient cells for transfor- 
30 mation. Manual selection of cells for transfer to fresh culture 
A188 x B73 Gf x 6)92 i + ‘ medium, frequency of transfer to fresh culture medium, 
a . ae 7 . . 7 composition of culture medium, and environment factors 
G{1 x 6)98 1 . NA including, but not limited to, light quality and quantity and 
Gil x 699 1 ~ NA temperature are all important factors in maintaining callus 
D@ x 6)12253 2 - NA 35 and/or suspension culrures that are useful as sources of 
os 7 foe - - es recipient cells. It is contemplated that alternating callus 
BBI3-3 3 4 + between different culture conditions may be beneficial in 
HAI33-227 2 - NA enriching for recipient cells within a culture. For example, it 
G{6 x i)r#25C  F + = is proposed that cells may be cultured in suspension culture, 
om ; * - 40 but transferred to solid medium at regular intervals. After a 
AB60 2 , a period of growth on solid medium cells can be manually 
AB61 4 rs * selected for return to liquid culture medium. It is proposed 
AB63 4 * + that by repeating this sequence of transfers to fresh culture 
pee ‘i is . medium it is possible to enrich for recipient cells. It is also 
ABTS 4 ve ND 45 contemplated that passing cell cultures through a 1.9 mm 
ABI2 a + + sieve is useful in maintaining the iriability of a callus or 
PHR : + + suspension culture and may be beneiicial is enriching for 
fey : : ~ transformable cells. 
ABO? 4 i“ ND (iv) Cryopreservation Methods 
A188 x B84 G{i x M)82 i + - 50 Cryopreservation is important because it allows one to 
Al8$ x H99 -HI11-7 3 = 2 maintain and preserve a known transformable cell culture 
B73 x A1SS : ee : 7 i for future use, while eliminating the cumulative detrimental 
El _— 2 ‘ — effects associated with extended culture penods. 
Hi-t G{(CW)31424 + + Cell suspensions and callus were cryopreserved using 
B73 (6)91%3 2 = NA 35 modifications of methods previously reported (Finkle, 1985; 
B7s-derived eas : 2.3 “ a Withers & King, 1979). The cryopreservation protocol com- 
NIOI7A AZ111372 1 + - prised adding a pre-cooled {0 C.) concentrated cryopro- 
Cat 100 cB 7] + ND fectant mixture slepwise over a period of one to two hours 
ce 2 + ND to pre-cooled (0° C.) cells. The mixture was maintained at 0° 
aia a 7 . : 60 C. througbout this period. The volume of added cryopro- 
The symbol “~” indicates that the line was not treasfommable after 3 attempts leclant was equal to the initial volume of the cell Suspension 
ot plants were sterile (1:1 addition), and the final concentration of cryoprotectant 
NA indicates Not Applicable additives was 10% dimethy! sulfoxide, 10% polyethylene 
BD eg nebE Sa glycol (6000 MW), 0.23 M proline and 0.23 M glucose. The 
(ii) Media 65 mixture was allowed to equilibrate at 0° C. for 30 minutes, 


In certain embodiments, recipient cells are selected fol- 
lowing growth in culture. Where employed, cultured cells 


A74 


during which time the cell suspension/cryoprotectant mix- 
ture was divided into 1.5 ml aliquot (05 mi packed cell 
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volume) 10 2 ml polyethylene cryo-vials. The tubes were 
cooled at 0.5° C./minute to -8° C. and beid al this tempera- 
ture for ice nucleation. | 

Once extracellular ice formation had been visually 
confirmed, the tubes were cooled at 0.5° C./minute from --8° 
C. to -35° C. They were held at this temperature for 45 
minutes (to insure uniform freeze-induced dehydration 
throughout the cell clusters). At this point, the cells had lost 
the majority of their osmotic volume (i.e. there is little free 
water Jeft in the cells), and they could be safely plunged into 
liquid nitrogen for storage. The paucity of free water remain- 
ing in the cells in conjunction with the rapid cooling rates 
from —35 to ~196° C. prevented large organized ice crystals 
from forming in the cells. The cells are stored in liquid 
nitrogen, which effectively immobilizes the cells and slows 
metabolic processes to the point where long-term storage 
should not be detrimenial. 


tay 


24 
mays. Two mutations were inuoduced into the amino acid 
sequence of EPSPS to confer glyphosate resistance, Le., a 
substitution of isoleucine for threonine at amino acid posi- 
tion 102 and a substitution of serine for proline et amino acid 
position 106. Plant expression vectors pDPG427, pDPG434, 
and pDPG443 were constructed using the promoterless 
mutant maize EPSPS expression vector obtained from 
Rhone Poulenc Agrochimie (pDPG425). The mutant EPSPS 
gene in this vector encodes an enzyme with amino acid 
changes at positions 102 (threonine to isoleucine) and 106 


(proline to serine). A description of the construction of these 
vectors is presented herein. 


TABLE 4 





Vectors used in the transformation of maize glyphosate resistant 
Hines GA21. GG25. GI11. and F117, 








: * - DELIBERATE 
Thawing of the extracellular solution was accomplished = pecowmiNANT VECTOR PARENT —sINSERT.- EXPRESSION 

by removing the cryo-tbe from liquid nitrogen and swirling = DESIGNATION 2 SOURCE REPLICON DNA = ATTEMPT 

it in sterile 42° C. water for approximately 2 minutes. The 20 - 

tube was removed from the heat immediately after the last POPR285 a eee : 

ice crystals had melted to prevent heating the tissue. The cell SDPG434 pSK- 2.9, 7,6 27 

suspension (still in the cryoprotectant mixture) was pipetted oDPG443 pSK- 2, 6, 7,8 2.7 

onto a filter, resting on a layer of BMS ceils (the feeder layer 

which provided a nurse effect during recovery). Dilution of 25 


the cryoprotectant occurred slowly as the solutes diffused 
away through the filter and nutrients diffused upward to the 


recovering cells. Once subsequent growth of the thawed | 


cells was noled, the growing tissue was transferred to fresh 
culture medium. The cell clusters were transferred back into 


KEY: Insert DNA and Deliberate Expression Attempt 
1. The bar gene from Sireptomyces hygroscopicus 
encodes phosphinothricin acetyliransferase (PAT). 
Cells expressing PAT are resistant to the herbicide 
Basta. White, J., Chang, S.-¥. P., Bibb, M.J., and Bibb, 


we ; ; 30 M. J. 1990. Nucl. Ac. Research 18: 1062. 
liquid suspension medium as soon as sufficient cell mass had 2. The EPSPS gene (5-enolpyruvy/shikimate-3-phosphate 
been regained (usually within 1 to 2 weeks). After the synthase) gene from Zea Mays was mutated to confer 
culture was reestablished in liquid (within 1 to 2 additional resistance to the herbicide glyphosate. An isoleucine 
weeks), it was used for transformation experiments. When has been substituted for threonine at amino acid posi- 
desired,-previously cryopreserved cultures may be frozen 35 tion 102 and a serine has been substituted for proline at 
again for storage. amino acid position 106. 
IV. DNA Segments Comprising Exogenous Genes 3. Promoter sequences from the Caulifiower Mosaic Virus 
As mentioned previously, there are several methods to genome. Odell, J. T., Nagy, F., and Chua, N.-H. 1985. 
construct the DNA segments carrying DNA inio a host cell Nature 313: 810-812. | 
that are well known to those skilled in the art. The general <0 4. Terminator sequence from the Ti plasmid of Agrobac- 
construct of the vectors used herein are plasmids comprising teritun tumefaciens. (a) Bevan, M., 1984. Nucleic Acid 
a promoter, other regulatory regions, structural genes, and a Research 12: 8711-8721; (b) Ingelbrechi, I. L. W., 
3' end. Herman, L. M. F., DeKeyser, R. A, Van Montagu, M. 
The plants of the current invention have a mutant EPSPS C., Depicker, A. G. 1989. The Plant Cell 1: 671-680; 
gene which confers glyphosate resistance. The preferred 45 (c) Bevan, M., Barnes, W. M., Chilton, M. D., 1983. 
EPSPS sequence, as shown in FIG. 12, includes a chloro- Nucleic Acid Research. 11: 369-385, (d) Ellis, J. G., 
plast transit peptide from maize in combination with ibe Liewellyn, D. J Walker, i phe E.S., Peacocu, 
EPSPS gene. It is to be understood, that this chloroplast _ Ww. J. 1987. EMBO J. 6: 3203-3208. 
transit peptide could be homologous, ie., from the maize 5. Enhancer sequences from the maize alcohol dehydro- 
EPSPS gene, or heterologous, ie., from any other gene. 50 genase gene. Callis, J., Fromm, M. E., Walbot, V., 1987. 
Preferably the transit peptide will be the optimized transit Genes Dev. 1: 1183-1200. 
peplide used in the constructs disclosed herein. 6. ‘Terminator sequences from Ti plasmid of Agrobacle- 
Altematively, the EPSPS gene may be used without a iransil rium (nos 3'-end) (a) Bevan, M., 1984. Nucleic Acid 
peptide and the gene transformed into the chloroplast Research 12: 8711-8721; () Ingelbrecht, 1. L. W., 
genome following the techniques described in U.S. Pat. No. 55 Herman, L. M. F., DeKeyser, R. A, Van Montagu, M. 
5,451,513, specifically incorporated herein by reference. C., Depicker, A. G. 1989. The Plant Cell 1: 671-680; 
Several plasmids encoding a variety of different genes (c) Bevan, M., Barnes, W. M., Chilton, M. D., 1983. 
have been constructed by the present inventors, the impor- Nucleic Acid Research. 11: 369-385. 
tant features of which are represented below in Table 4. 7. Achloroplast transit peptide sequence, referred to here 
Certain of these plasmids are also shown in FIGS. 1-4: 60 as the optimized transit peptide sequence (OTP), con- 
pDPG165 (FIG. 1), pDPG427 (FIG. 2), pDPG434 (FIG, 3), sisting of DNA sequence from maize and sunflower 
and pDPG443 (FIG. 4). ribulose-1,5-bis phosphale carboxylase oxygenase 
Table 4 shows vectors used in the construction of maize (RuBisCo) genes (Lebrun et al, 1996; Rhone Poulenc 
giyphosate resistant lines GA21, GG25, GJi1, and Fi117. Agrochimie). 
Table 5 shows the components of the plasmid pDPG434, 65 8. Fused promoter sequeaces from Cauliiower Mosaic 


which was used in the transformation of GA21 and FI117. 
The gene encoding the enzyme EPSPS was cloned from Zea 


Virus genome and Arabidopsis thalana Hé4 histone 
gene. Constructed by Rhone Poulenc Agrochimie. 


AT75 
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9. Actin-1 5’ region including promoter from Oryza sativa 
(McElroy et al. 1991). 


TABLE 5 


26 
the bacterial source organism this enzyme acetylates the free 
amino group of PPT preventing aulo-toxicity (Thompson et 
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Summary of Sequences Present in Plasmid oDPG434 





Vector Approx. 

Component Size, Kb = Descipticna 

ee eerereneeneamaaninunertetninatiimmetitinmeeemetettismaimmtntttintieeamnreesninattnentnttttintaetittinie 

fice actin 137 S' region of the rice actin 1 gene containing the promoter and 

promoter and first intron (McElroy et al., 1994) 

intron 

optimized a7 chloroplast transit peplide sequence constructed based on 

transit peptide transit peptide sequences from maize and sunflower ribulose- 

(OTP) 1,5-bis phosphate carboxylase oxygerass (RuBisCo) genes 
(Lebrun et al., 1996) 

mmant maize 1.34 wild-type maize EPSPS gene (Lebrun ct al., 1993) containing 

EPSPS gene mutations at amino acid position 102 (threonies to isoleucine) 
and 106 proline to serine) 

nes 3-end 0.24 polyadeniylation region from the nopaliss syatbase gene fom 
Agrobacteriuin aimefaciens (Bevan, 1984) 

jac 0.24 A partial lacl coding sequence, the promoter plac, and a partial 
coding sequence for B-salactesidase or JacZ protein (Yanisch- 
Perron et al., 1985) 

bla 0.36 The TEM type B-lactamase geae Gom £. coli plasmid pBR322 
confers resistance on bacterial cells lo ampicillin and other 
penicillins (Sutcliffe, 1978). The gene is under contro] of its 
native bactenal promoter. 

ColE1 on 0.65 


plasmid pUCI9 (Yanisch-Perron ct al., 1935) 


The origin of DNA replication from the £. colf high copy 





V. Identification of Transformed Cells Using Selection 

It is believed that DNA is introduced into oaly a small 
percentage of cells in any one experiment. la order to 
provide a more efficient system for identification of those 
cells receiving DNA and integrating it into their genomes, 
therefore, one may desire to employ a means for selecting 
those cells that are’ stably transformed. One exemplary 
embodiment of such a methad is to introduce into the host 
cell, a marker gene which confers resistance to some nor- 
mally inhibitory agent, e.g. an antibiotic or herbicide. The 
potentially transformed cells are then exposed to the agent. 
In the population of surviving cells are those cells wherein 
generally the resistance-conferring gene has been integrated 
and expressed at sufficient Jevels to permit cell survival. 
Cells may be tested further to confirm stable integration of 
the exogenous DNA. Using embryogenic suspension 
cultures, stable transformants are recovered at a frequency of 
approximately 1 per 1000 transiently expressing foci. 

One herbicide which has been suggested as a desirabie 
selection agent is the broad spectrum herbicide bialaphos. 
Bialaphos is a tripeptide antibiotic produced by Streptomy- 
ces hygroscopicus and is composed of phosphinothricin 
(PPT), an analogue of L-glutamic acid, and two L-alanine 
residues. Upon removal of the L-alanine residues by intra- 
cellular peptidases, the PPT is released and is a potent 
inhibitor of glutamine synthetase (GS), a pivotal enzyme 
involved in ammonia assimilation and nitrogen metabolism 
(Ogawa et al., 1973). Synthetic PPT, the active ingredient in 
the herbicide Liberty™ is also effective as a selection agent. 
Inhibition of GS in plants by PPT causes the rapid accumu- 
lation of ammonia and death of the plant cells. 

The organism producing bialaphos and other species of 
the genus Streptomyces also synthesizes an enzyme phos- 


a5 


30 


Be) 


60 


phinothricin acetyl transferase (PAT) which is encoded by - 


the bar gene in Streptomyces hygroscopicus and the pat gene 
in Streptomyces viridochromogenes. The use of the herbi- 
cide resistance gene encoding phosphinothnicin acetyl trans- 
ferase (PAT) is referred to in DE 3642 829 A, wherein the 
gene is isolated from Smepiomyces viridochromogenes. In 


A760 


al., 1987). The bar gene has been cloned (Murakami et al., 
1986; Thompson et al, 1987) and expressed in transgenic 
tobacco, tomate and potato plants (De Block, 1987) and 
Brassica (De Block, 1989). In previous reports, some trans- 
genic plants which expressed the resistance gene were 
completely resistant to commercial formulations of PPT and 
bialaphos in greenhouses. 

Another herbicide which is useful for selection of trans- 
formed cell lines in the practice of the invention is the broad 
spectrum herbicide glyphosate. Glypbosate inhibits the 
action of the enzyme EPSPS which is active in the aromatic 
amino acid biosynthetic pathway. Inhibition of this cnazyme 
leads to starvation for the amino acids phenylalanine, 
tyrosine, and tryplophan and secondary metabolites derived 
thereof. U.S. Pat. No. 4,535,060 describes the isolation of 
EPSPS mutations which infer glyphosate resistance on the 
Salmonella typhimurium gene for EPSPS, aroA. The EPSPS 
gene was cloned from Zea mays and mutations similar to 
those found in a glyphosate resistant aroA gene were intro- 
duced in vitro. The mutant gene encodes a protein with 
amino acid changes at residues 102 and 106. Although these 
mutations confer resistance to glyphosate on the enzyme 
EPSPS it is anticipated that other mutations will also be 
useful. 

Exemplary embodiments of vectors capable of delivering 
DNA to plant host cells in the current invention are the 
plasmids, pDPG165, pDPG427, pDPG434, and pDPG445. 
These and other suitable plasmid vectors are further dis- 
cussed in U.S. patent application Ser. No. 08/113,561, filed 
Aug. 25, 1993, which is specifically incorporated herein by 
reference. A very important component of the pDPG165 
plasmid for purposes of genetic transformation is the bar 
gene which encodes a marker for selection of transformed 
cells exposed to bialaphos or PPT. Plasmids pDPG434, 
pDPG427, pDPG441, pDPG443, and pDPG436, pDPG447, 
pDPG465, and pDPG467 contain a maize EPSPS gene with 
mutations at amino acid residues 102 and 106 driven by 
various different promoters (U.S. patent application Ser. No. 
08/113,561, filed Aug. 25, 1993). A very important compo- 
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nent of these plasmids for purposes of genetic transforma- 
tion is the mulated EPSPS gene which encodes a marker for 
selection of transformed cells. 
VI. Production and Characterization of Stable Transgenic 
Corn 

Afier effecting delivery of exogenous DNA to recipient 
cells, the next steps generally concern identifying the trans- 
formed cells for further culiuring and plant regeneration. As 
mentioned herein, in order to improve the ability to identify 
transformants, one may desire to employ a selectable or 


10 cell or tissue types that are not amenable to selection alone. 
screenable marker gene as, or in addition to, the expressible It ts proposed that combinations of selection and screening 
gene of interest. In this case, one would then generally assay may enable one to identify transformants in a wider vanety 
the potentially transformed cell population by exposing the of cell and tissue types. 
cells to a selective agent or agents, or one would screen the (ii) Regeneration and Seed Production 
cells for the desired marker gene trait. 15 Cells that survive the exposure to the selective agent, or 

(i) Selection cells that have been scored positive in a screening assay, 

An exemplary embodiment of methods for identifying may be cultured in media that. supports regeneration of 
transformed cells involves exposing the bombarded cultures plants. In an exemplary embodiment, MS and N6 media may 
to a selective agent, such as a metabolic inhibitor, an be modified (see Table 2) by including further subsiances 
antibiotic, herbicide or the like. Cells which have been 20 such as growth regulators. A preferred growth regulator for 
transformed and have stably integrated a marker gene con- such purposes is dicamba or 2,4-D. However, other growth 
ferring resistance to the selective agent used, will grow and regulators may be employed, including NAA, NAA+2,4-D 
divide in culture. Sensitive cells will not be amenable to or perhaps even picloram. Media improvement in these and 
further cultunng. like ways has been found to facilitate the growth of cells at 

To use the bar-bialaphos or the EPSPS-glyphosate selec- 25 specific developmental stages. Tissue may be maintained on 
tive system, bombarded tissue ts cultured for 0-28 days on a basic media with growth regulators until sufficient tissue is 
nonselective medium and subsequently transferred to available to begin plant regeneration efforts, or following 
medium containing from 1-3 mg/l bialaphos or 1~3 mM repeated rounds of manual selection, until the morphology 
glyphosate as appropriate. While ranges of 1~3 mg/I biaie- of the tissue is suitable for regeneration, al least two weeks, 
phos or 1-3 mM glyphosate will typically be preferred, itis 30 then transferred to media conducive to maturation of embry- 
proposed that ranges of 0.1-50 mg/l bialaphos or 0.1-50 oids. Cultures are transferred every two weeks on this 
mM glypbosate will fod utility in the practice of the medium. Shoot development will signal the tume to transfer 
invention. Tissue can be placed on any porous, inert, solid or io medium lacking growth regulators. 
semi-solid support for bombardment, incliding but not The transformed cells, identified by selection or screening 
limited to filters and solid culture medium. Bialaphos and 35 and cultured in an appropriate medium that supports 
glyphosate are provided as examples of agents suitable for regeneration, will then be allowed to mature into plants. 
selection of transformants, but the technique of this inven- Developing plantlets are transferred to soiless plant growth 
tion is not limited to them. mix, and hardened, e.g., in an environmentally controlled 

An example of ascreenable marker trait ts the red pigment chamber at about 85% relative humidity, 600 ppm CO.,, and ~ 
produced under the control of the R-locus in maize. This 40 25-250 microeinsteins m~s~* of light. Plants are preferably 
pigment may be detected by culturmg celis on a solid matured either in a growth chamber or greenhouse. Plants 
support containing nutrient media capable of supporting are regenerated from about 6 weeks to 10 months after a 
growth at this stage and selecting cells from colonies (visible transformant is identified, depending on the initial tissue. 
aggregates of cells) that are pigmented. These cells may be During regeneration, cells are grown on solid media in tissue 
cultured further, either in suspension or on solid media. The 45 culture vessels. Illustrative embodiments of such vessels are 
R-locus is useful for selection of transformants from bom- petri dishes and Plant Cons. Regenerating plants are pref- 
barded immature embryos. In a similar fashion, ihe iniro- erably grown at about 19 to 28° C. After the regenerating 
duction of the Cl and B genes will result in pigmented cells plants have reached the stage of shoot and root development, 
and/or tissues. they may be transferred to a greenhouse for further growth 

The enzyme luciferase may be used as a screenable so and testing. 
marker in the context of the present invention. In the Note, however, that kemels on transformed plants may 
presence of the substrate luciferin, cells expressing occasionally require embryo rescue due to cessation of 
luciferase emit light which can be detected on photographic kernel development and premature senescence of plants. To 
or x-ray film, in a luminometer (or liquid scintillauon rescue developing embryos, they are excised from surface- 
counter), by devices that enhance night visioa, or byahighly 55 disinfected kemels 10-20 days post-pollination and cul- 
light sensitive video camera, such as a photon counting tured. An embodiment of media used for culture at this stage 
camera. All of these assays are nondestructive and trans- comprises MS salts, 2% sucrose, and 55 g/l agarose. In 
formed cells may be cultured further following identifica- embryo rescue, large embryos (defined as greater than 3 mm 
tion. The photon counting camera is especially valuable as in length) are germinated directly on an appropriate media. 
it allows one to identify specific cells or groups of cells 60 Embryos smaller than that may be cultured for one week on 
which are expressing luciferase and manipulate those in real media containing the above ingredients along with 10°M . 
time. Another screenable marker which may be used is the abscisic acid and then transferred to growth regulator-iree 
gene coding for ercen fluorescent proicin. medium for germination. 

It is further contemplated that combinations of screenable Progeny may be recovered from the transformed plants 
and selectable markers will be useful for identification of 65 


transformed cells. In some cell or ussue types a selection 
agent, such as bialaphos or glyphosate, may cither not 


ty 


~] 


28 
provide enough killing activity to clearly recognize tans- 
formed cells or may cause subslantial nonselective inhibi- 
tion of transformants and nontransformants alike, thus caus- 
ing the selection technique to not be effective. It is proposed 
that selection with a growth inhibiting compound, such as 
bialaphos or glyphosate at concentrations below those that 
cause 100% inhibition followed by screening of growing 
tissue for expression of a screenable marker gene such as 
luciferase would allow one to recover transformants from 


and tested for expression of the exogenous expressible gene 
by localized application of an appropriate substraie to plant 
parts such as leaves. In the case of bar transformed plants, 
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it was found that transformed parental plants (Ry) and their 
progeny (R,) exhibited no bialaphos-related necrosis after 
localized application of the herbicide Basta7 to leaves, if 
there was functional PAT activity in the plants as assessed by 
an in vitro enzymatic assay. All PAT positive progeny tested 


30 


Whereas DNA analysis techniques may be conducted 
using DNA isolated from any part of a plant, RNA will only 
be expressed in particular cells or tissue types and hence it 
will be necessary to prepare RNA for analysis from these 


; § tissues. PCR techniques may also be used for detection and 
contained bar, confirming thal the presence of the enzyme — quantitation of RNA produced from introduced genes. In 
and the resistance to bialaphos were associated with the this application of PCR it is first necessary to reverse 
oe germline of the marker gene. transcribe RNA into DNA, using enzymes such as reverse 

To confirm the presence of the exogenous DNA or “trans- |, en Aer sigs pa ane of eenrennoret PCR 
gene (s)” in the regenerating plants, a variety of assays may ee ee ify the : ee est ees hae 
be performed. Such assays include, for example, “molecular techniques, while useful, will not demonstrate integrity of 
biological” assays, such as Southern and Northern blotting the RNA product. Further information about the nature of 
and PCR: “biochemical” assays, such as detecting the pres- the RNA product may be obtained by Norther blotting. This 
ence of a protein product, e.g., by immunological means technique will demonstrate the presence of an RNA species 
(ELISAs and Western blots) or by enzymatic faction; plant > and give information about the integrity of that RNA. The 
part assays, such as leaf or root assays; and also, by presence or absence of an RNA species can also be dceter- 
analyzing the phenotype of the whole regenerated plant. mined using dot or slot blot Northera hybridizations. These 

1. DNA Integration, RNA Expression and Inheritance techniques are modifications of Northern blotting and will 

Genomic DNA may be isolated from callus cell lines or only demonstraie the presence or absence of an RNA 
any plant parts to determine the presence of the exogenous 20 species. 
gene through the use of iechniques well known to those 2. Gene Expression 

skilled in the art. Note, that intact sequences will not always While Southern blotting and PCR may be used to detect 
be present, presumably due to rearrangement or deletion of the gene(s) in question, they do not provide information as 
sequences in the cell to whether the gene is being expressed. Expression may be 

The presence of DNA elements introduced through the 25 evaluated by specifically identifying the protein products of 

elhods of this invention may be determined by polymerase ithe introduced genes or evaluating the phenotypic changes 
chain reaction (PCR). Using this technique discreet frag- brought about by their expression. 

ments of DNA are amplified and detected by gel electro- Assays for the production and identification of specific 
phoresis. This type of analysis permits one to determine proteins may make use of physical-chemical, structural, 
whether a gene is present in a stable transformant, but does 30 functional, or other -properties of the proteins. Unique 
nol prove integration of the introduced gene into the host cell physical-chemical or structural properties allow the proteins 
genome. It is the experience of the inventors, however, that to be separated and identified by electrophoretic procedures, 
DNA has been integrated into the genome of all transfor- such as native or denaturing gel electrophoresis or isoelec- 
mants that demonstrate the presence of the gene through iric focusing, or by chromatographic techniques such as ion 
PCR analysis. In addition, it is not possible using PCR 35 exchange or gel exclusion chromatography. The unique 
techniques to determine whether iransformanis have exog- structures of individual proteins offer opportunities for use 
enous genes introduced into different siles in the genome, of specific antibodies to detect their presence in formats such 
i.e., whether transformants are of independent ongin. It is as an ELISA assay. Combinations of approaches may be 
contemplated that using PCR techniques it would be pos- employed with even greater specificity such as western 
sible to clone fragments of the host genomic DNA adjacent 40 bloiting in which antibodies are used to locate individual 
to an introduced gene. gene products that have been separated by electrophoretic 

Positive proof of DNA integration into the bost genome techniques. Additional techniques may be employed to 
and the independent identities of transformants may be absolutely confirm the identity of the product of interest 
determined using the technique of Southern hybridization. such as evaluation by amino acid sequencing fcllowing 

Using this technique specific DNA sequences that were 45 purification. Although these are among the most commonly 

introduced into the host genome and flanking host DNA employed, other procedures may be additionally used. 
sequences can be identified. Hence the Southern hybnidiza- Assay procedures also may be used to identify the expres- 
tion pattera of a given transformant serves as an identifying sion of proteins by their functionality, especially the ability 

characteristic of that transformant. In addition it is possible of enzymes to catalyze specific chemical reactions invoiving 
through Southern hybridization to demenstrate the presence 50 specific substrates and products. These reactions may be 
of introduced genes in high molecular weight DNA, i.e., followed by providing and quantifying the loss of substrates 
confimn that the introduced gene has been integrated into the or the generation of products of the reactions by physical or 
host cell genome. The technique of Southern hybridization chemical procedures. Examples are as varied as the enzyme 
provides information that is obtained using PCR, e.g., the to be analyzed and may include assays for PAT enzymatic 
presence of a gene, but also demonstrates integration into the 55 activity by following production of radiolabeled acetylated 
genome and characterizes each individual transformant. phosphinothricin from phosphinothricin and 3*C-acetyl CoA 

It is contemplated that using the techniques of dot or slot or for anthranilate synthase activity by following loss of 
blot hybridization which are modifications of Southern fluorescence of anthranilate, to name two. 

hybridization techniques one could obtain the same infor- Very frequently the expression of a gene product is 

mation that is derived from PCR, e.g., the presence of a 60 determined by evaluating the phenotypic results of its 


gene. 

° Both PCR and Southern hybridization techniques can be 
used to demonstrate transmission of a transgene to progeny. 
In most instances the characteristic Southern hybridization 
paticm for a given transformant will segregate in progeny as 
one or more Mendelian genes (Spencer et al., 1992) indi- 
cating stable inheritance of the transgene. 


AT78 


expression. These assays also may take many forms includ- 
ing but not limited to analyzing changes in the chemical 
composition, morphology, or physiological properties of the 
plant. Chemical composition may be altered by expression 
of genes encoding enzymes or slorage proteins which 
change amino acid composition and may be detected by 
amino acid analysis, or by enzymes which change starch 
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quantity which may be analyzed by near infrared reflectance 
spectrometry. Morphological changes may include greater 
slature or thicker stalks. Most often changes in response of 
plants or plant paris lo imposed treatments are evaluaied 
under carefully controlled conditions termed bioassays. 


32 
There is no general requirement that the protein or peptide 
always be provided in their most purified state. Indeed, it is 
contemplated that less substantially purified products will 
have utility in certain embodiments. Partial purification may 


reru A 5 be accomplished by using fewer purification steps in 
VIL. Purification of Proteins combination, or by utilizing different forms of the same 
_ It may, in particular embodiments of the current general purification scheme. For example, it is appreciated 
oe si desirable lo p urily aes wats b y . thal a cation-exchange column chromatography performed 
genes of the cient invention. Froteim puniication tech- utilizing an HPLC apparatus will generally result in a greater 
niques are well known to those of skill in the art. These 10 “-fold? purification than th aca lizi ng 
techniques involve, at one level, the crude fractionation of a ee ee 
the cellular milieu to polypeptide and non-polypeptide frac- - PFESSUT® chromatography system. Methods exhibiting a 
tions. Having separated the polypeptide from other proteins, lower degree of relative purification may have advantages in 
the polypeptide of interest may be further purified using total recovery of protein product, or in maintaining the 
chromatographic and electrophoretic techniques to achieve @CUvily of an expressed protein. ; 

partial or complete purification (or purification to } It is known that the migration of a polypeptide can vary, 


homogeneity). Analytical methods particularly suiled to the 
preparation of a pure peplide are ion-exchange 
chromatography, exclusion chromatography; polyacryla- 
mide gel electrophoresis; and isoelectric focusing. A par- 
ticularly efficient method of purifying peptides is fast protein 
liquid chromatography or even HPLC. 

Cerlain aspects of the present invention concern the 
purification, and in particular embodiments, the substantial 
purification, of an encoded protein or peptide. The term 
“purified protein or peptide” as used herein, is intended to 
refer to a composition, isolatable from other components, 
wherein the protein or peptide is purified to any degree 
relative 10 its naturally-obtainable state. A purified protein or 
peptide therefore also refers to a protein or peptide, free 
from the environment in which it may naturally occur. 

enerally, “purified” will refer to a protein or peptide 
composition that has been subjected to fractionation to 
remove various other components, and which composition 
substantially retains its expressed biological activity. Where 
the term “substantially purified” is used, this designation 
will refer io a composition in which the protein or peptide 
forms the major component of the composition, such as 
constituting about 50%, about 60%, about 70%, about 80%, 
about 90%, about 95% or more of the proteins in the 
composition. 

Various methods for quantifying the degree of purification 
of the protein or peptide will be known to those of skill in 
the art in light of the present disclosure. These include, for 
example, determining the specific activity of an active 
fraction, or assessing the amount of polypepludes within a 
fraction by SDS/PAGE analysis. A preferred method for 
assessing the purity of a fraction is to calculate the specific 
activity of the fraction, to compare it to the specific activity 
of the initial extract, and to thus calculate the degree of 
purity, berein assessed by a “-fold purification number.” The 
actual units used to represent the amount of activity will, of 
course, be dependent upon the particular assay technique 
chosen to follow the purification and whether or not the 
expressed protein or peptide exhibits a detectable activity. 

Various techniques suitable for use in protein purification 
will be well known to those of skill in the art. These include, 
for example, precipitation with ammoaim sulphate, PEG, 
antibodies and the like or by heat denaturation, followed by 
centrifugation; chromatography sicps such as ion exchange, 
gel filiralion, reverse phase, hydroxylapatile and affinity 
chromatography; isoelectric focusing; gel electrophoresis; 
and combinations of such and other techniques. As 1s 
generally known in the art, it is belicved that the order of 
conducting the various punfication steps may be changed, or 
that certain steps may be omitted, and still result in a suitable 
method for the preparation of a substantially purified protein 
or peptide. 
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sometimes significantly, with different conditions of SDS/ 
PAGE (Capaldi et al., 1977). It will therefore be appreciated 
that under differing electrophoresis conditions, the apparent 
molecular weights of purified or partially purified expression 
products may vary. 

High Performance Liquid Chromatography (HPLC) is 
characterized by a very rapid separation with extraordinary 
resolution of peaks. This is achieved by ihe use of very fine 
particles and high pressure to maintain an adequate flow 
rate. Separation can be accomplished in a matier of minutes, 
or at most an hour. Moreover, only a very small volume of 
the sample is needed because the particles are so small and 
close-packed that the void volume is a very small fraction of 
the bed volume. Also, the concentration of the sample need 
not be very great because the bands are so narrow that there 
is very litle dilution of the sample. 

Gel chromatography, or molecular sieve chromatography, 
is a special type of partition chromatography that is based on 
molecular size. The theory bebind gel chromatography is - 
that the column, which is prepared with liny particles of an 
inert substance that contain small pores, separates larger 
molecules from smaller molecules as they pass through or 
around the pores, depending on their size. As long as the 
material of which the particles are made does not adsorb the © 
molecules, the sole factor determining rate of Bow is the 
size. Hence, molecules are eluted from the column in 
decreasing size, so long as the shape is relatively constant. 
Gel chromatography is unsurpassed for separating mol- 
ecules of different size because separation is independent of 
all other factors such as pH, ionic strength, temperature, etc. 
There also is virtually no adsorption, less zone spreading and 
the elution volume is related in a simple matter to molecular 
weight. 

Affinity Chromatography is a chromatographic procedure 
that relies on the specific affinity between a substance to be 
isolated and a molecule that it can specifically bind to. This 
is a receptor-ligand type interaction. The column material is 
synthesized by covalently coupling one of the binding 
partners to an insoluble matrix. The column matenai is then 
able to specifically adsorb the substance from the solution. 
Elution occurs by changing the conditions to these in which 
binding will not occur (alter pH, ionic strength, temperature, 
eic.). 

A particular type of affinity chromatography useful in the 
purification of carbohydrate containing compounds is lectin 
affinity chromatography. Lectins are a class of substances 
that bind io a variety of polysaccharides and glycoproteins. 
Lectins are usually coupled to agarose by cyanogen bro- 
mide. Conconavalin A coupled to Sepharose was the first 
material of this sort to be used and has been widely used in 
the isolation of polysaccharides and glycoproteins other 
Jectins that have been include lentil lectin, wheat germ 
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agglutinin which bas been useful in the purification of 
N-acetyl glucosaminyl! residues and Helix pomatia lectin. 
Lectins themselves are purified using affinity chromaitogra- 
phy with carbohydrate ligands. Lactose has been used to 
purify lectins from castor bean and peanuts; maltose bas 
been useful in extracting lectins from Jenlils and jack bean; 
N-acetyl-D galactosamine is used for purifying lectins from 
soybean; N-acetyl glucosaminy] binds to lectins from wheat 
germ; D-galactosamine has been used in obtaining lectins 
from clams and L-fucose will bind to lectins from lotus. 
The matrix should be a substance that itself does not 
adsorb molecules to any significant extent and that has a 
broad range of chemical, physical and thermal stability. The 
ligand should be coupled in such a way as to nol affect its 
binding properties. The ligand should also provide relatively 
tight binding. And it should be possible to elute the sub- 
slance without destroying the sample or the ligand. One of 
the most common forms of affinity chromatography is 
immunoafunity chromatography. The generation of antibod- 


jes that would be suitable for use in accord with the present 20 label), with a fluorophore (rhodamine, fuorescein), an anti- 
invention is discussed below. gen (biotin, streptavidin, digoxigenin), or a chemillumiscent 
VI. Genetic Analysis of Glyphosate Resisiant Transgenic (luciferase). 
Plants (ii) Template Dependent Amplification Methods 
In particular embodiments of the invenuon, methods may A number of template dependent processes are available 
be used for detecting variation in the expression of particular 25 to amplify the marker sequences present in a given template 
transgenes such as the bar gene and mutant EPSPS. This sample. One of the best known amplification methods is the 
method may comprise determining the level of protein polymerase chain reaction (referred to as PCR™) which is 
expressed by these genes or by determining specific alter- described in detail in U.S. Pat. Nos. 4,683,195, 4,683,202 
ations in the expressed product. Obviously, this sort of assay and 4,800,159, each of which is incorporated herein by 
has iroportance in the screening of transformants for poten- 30 reference in ils entirety. 
lial herbicide resistance. Such assays may in some cases be Briefly, in PCR, two primer sequences are prepared that 
faster, more accurate or less expensive than conventional are complementary to regions on Opposite complementary 
screening assays. strands of the marker sequence. An excess of deoxynucieo- 
The biological sample may potentially be any type of side triphosphates are added to a reaction mixture along with 
plant tissue. Nucleic acid is isolated from cells contained in 35 a DNA polymerase, e.g., Taq polymerase. If the marker 
ihe biological sample, according io standard methodologies sequence is present in a sample, the primers will bind to the 
(Sambrook ef al., 1989). The nucleic acid may be genomic marker and the polymerase will cause the primers to be 
DNA or fractionated or whole cell RNA. Where RNA is extended along the marker sequence by adding on nucic- 
used, it may be desired to convert ihe RNA to a comple- otides. By raising aod lowering the temperature of the © 
mentary DNA. In one embodiment, the RNA is whole cell 40 reaction mixture, the extended primers will dissociate from 
RNA; in another, it is poly-A RNA. Normally, the nucleic the marker to form reaction products, excess pnmers will 
acid is amplified. bind to ibe marker and to the reaction products and the 
Depending on the format, ihe specific nucleic acid of process is repeated. 
interest is identified in the sample directly using amplifica- A reverse transcriptese PCR amplification procedure may 
tion or with a second, known nucleic acid following ampli- 45 be performed in order to quantify the amount of mRNA 
fication. Next, the identified product is detected. In certain amplified. Methods of reverse transcnbing RNA into cDNA 
applications, the detection may be performed by visual are well known and described im Sambrook et al., 1989. 
means (e.g., ethidium bromide staining of a gel). Alternative methods for reverse transcription utilize 
Alternatively, the detection may involve indirect identifica- thermostable, RNA-dependent DNA polymerases. These 
tion of the product via chemiluminescence, radioactive 50 methods are described in WO 90/07641 filed Dec. 21, 1990. 
scintigraphy of radiolabel or fluorescent label or even via a Polymerase chain reaction methodologies are well known in 
system using electrical or thermal impulse signals (Aflymax the art. 
Technology; Bellus, 1994). Another method for amplification is the ligase chain 
Following detection, one may compare the results seen in reaction (“LCR”), disclosed in EPO No. 320 308, incorpo- 
a given plant with a statistically significant reference group 55 rated herein by reference in its entirety. In LCR, two 
of non-transformed control plants. Typically, the non- complementary probe pairs are prepared, and in the presence 
transformed conirol plants will be of a genetic background of the target sequence, each pair will bind to opposite 
similar to the transformed plants. In this way, it is possible complementary strands of the target such thal they abut. In 
to detect differences in the amount or kind of protein the presence of a ligase, the two probe pairs will link to form 
detected in various transformed plants. 60 a Single uni. By temperature cycling, as in PCR, bound 
A variety of different assays are contemplated in the ligated units dissociate from the target and then serve as 
screening of the glyphosate resistant planis of the current “target sequences” for ligation of excess probe pairs. U.S. 
invention aad associated exogenous elemeats. These tech- Pat. No. 4,883,750 describes a method similar to LCR for 
niques may in cases be used to detect for both the presence binding probe pairs to a target Sequence. 
of the particular genes as well as rearrangements that may 65  Qbeta Replicase, described in PCT Application No. PCT/ 


bave occurred in the gene construct. The techniques include 
but are cot limited to, fluorescent in situ hybridization 


AsO 


Ut 
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(FISH), direct DNAsequeacing, PFGE analysis, Southern or 
Northern blotting, single-stranded conformation analysis 
(SSCA), RNAse protection assay, allele-specific oligonucle- 
olide (ASO), dot blot analysis, denaturing gradient gel 
electrophoresis, RFLP and PCR-SSCP. 

(1) Primers and Probes 

The term primer, as defined herein, is meant to encompass 
any nucleic acid thal is capable of priming the synthesis of 
a nascent nucleic acid in a template-dependent process. 
Typically, primers are oligonucleotides from ten to twenty 
base pairs in length, but longer sequences can be employed. 
Primers may be provided in double-stranded or single- 
stranded form, although the single-stranded form is pre- 
ferred. Probes are defined differently, although they may act 
as primers. Probes, while perhaps capable of priming, are 
designed to binding to the target DNA or RNA and need not 
be used in an amplification process. 

In preferred embodiments, the probes or primers are 
labeled with radioactive species @*p, **C, °°S, °H, or other 


US87/00880, may also be used as still another amplification 
method in the present invention. In this method, a replicative 
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sequence of RNA that has a region complementary to that of 
a target is added to a sample in the presence of aa RNA 
polymerase. The polymerase will copy the replicative 
sequence that can then be detected. 

An isothermal amplification method, in which restriction 
endonucleases and ligases are used to achieve the amplufi- 
cation of target molecules that contain nucleotide 5'-alpha- 
thio]-triphosphates in one strand of a resiriction site may 
also be uscful in the amplification of nucicic acids in the 
present invention, Walker et al., (1992). 

Strand Displacement Amplification (SDA) is another 
method of carrying out isothermal amplification of nucleic 
acids which involves multiple rounds of strand displacement 
and synthesis, Le., nick translation. A similar method, called 
Repair Chain Reaction (RCR), involves annealing several 
probes throughout a region targeted for amplification, fol- 
lowed by 2 repair reaction in which only two of the four 
bases are present. The other two bases can be added as 
biotinylated derivatives for easy detection. A simular 
approach is used in SDA. Target specific sequences can also 


be detected using a cyclic probe reaction (CPR). In CPR, a 2 


probe having 3' and 5' sequences of non-specific DNA and 
a middle sequence of specific RNA is hybridized to DNA 
that is present ja a sample. Upon hybridization, the reaction 
is treated with RNase H, and the products of the probe 
identified as distinctive products that are released after 
digestion. The original iemplate is annealed to another 
cycling probe and the reaction is repeated. 

Still another amplification methods described in GB 
Application No. 2 202 328, and in PCT Applicaton No. 
PCT/US89/01025, each of which is incorporated herein by 
reference in its entirety, may be used in accordance with the 
present invention. In the former application, “modified” 
primers are used in a PCR-like, template- and enzyme- 
dependent synthesis. The primers may be modified by 


jJabeling with a capture moiety (e.g., biotin) and/or a detector 3 


moiety (e.g., enzyme). In the latter application, an excess of 
labeled probes are added to a sample. In the presence of the 
target sequence, the probe binds and is cleaved catalytically. 
After cleavage, the target sequence is released intact to be 
bound by excess probe. Cleavage of the labeled probe 
signals the presence of the target sequence. 

Other nucleic acid amplification procedures include 
transcription-based amplification systems (TAS), including 
nucleic acid sequence based amplification (NASBA) and 
3SR (Kwoh et al., 1989; Gingeras et al., PCT Application 
WO 88/10315, incorporated herein by reference in their 
entirety). In NASBA, the aucleic acids can be prepared ior 
amplification by standard phenol/chloroform extraction, 
heat denaturation of a clinical sample, treatment with lysis 
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process involving cyclically synthesizing single-stranded 
RNA (“ssRNA”), ssDNA, and double-stranded DNA 

(dsDNA), which may be used in accordance with the present 
invention. The ssRNA is a template for a first primer 
oligonucleotide, which is elongated by reverse transcriptase 

(RNA-dependent DNA polymerase). The RNA is then 

removed from the resulting DNA:RNA duplex by the action 
of ribonuclease H (RNase H, an RNase specific for RNA in 

duplex with either DNA or RNA). The resultant ssDNA is a 

template for a second primer, which also includes the 
sequences of an RNA polymerase promoter (exemplified by 
T7 RNA polymerase) 5° to ils homology to the template. 
This primer is then extended by DNA polymerase 
(exemplified by the large “Klenow” fragment of £. coli 
DNA polymerase J), resulting in a double-siranded DNA 
(“dsDNA”) molecule, having a sequence identical to that of 
tbe original RNA between the primers and having 
additionally, at one end, a promoter sequence. This promoter 
sequence can be used by the appropriate RNA polymerase to 
make many RNA copies of the DNA. These copies can then 
re-enter the cycle leading to very swift amplification. With 
proper choice of enzymes, this amplification can be done 
isothermally without addition of enzymes at each cycie. 
Because of the cyclical nature of this process, the starting 

equence can be chosen to be in the form of either DNA or 
RNA 
Miller et al., PCT Application WO 89/06700 
(incorporated herein by reference in its entirety) disclose a 
nucleic acid sequence amplification scheme based on the 
hybridization of a promoter/primer sequence to a target 
single-stranded DNA (“ssDNA”) followed by transcription 
of many RNA copies of the sequence. This scheme is nol 


cyclic, Le., new templates are not produced from the result- 


<0 


ant RNA transcripts. Other amplification methods include 
“RACE” and “one-sided PCR” (Frohman, M. A., In: PCR 
PROTOCOLS: A GUIDE TO METHODS AND 
APPLICATIONS, Academic Press, New York, 1990; Ohara 
et al_, 1989; each herein incorporated by reference in their 
entircty). 

Methods based on ligation of two (or more) oligonucle- 
otides in the presence of nucleic acid having the sequence of 
the resulting “di-oligonucleotide”, thereby amplifying the 
di-oligonucleotide, may also be used in the amplification 
step of the present invention. Wu et al., (1989), incorporated 
herein by reference in its entirety. 

(iii) Southern/Norther Blotting 

Blotting techniques are well known to those of skill in the 
art. Southern blotting involves ihe use of DNA as a target, 
whereas Northera biotting involves the use of RNA as 2 
target. Each provide different types of information, although 


buffer and minispin columns for isolation of DNA and RNA so cDNA blotting is analogous, in many aspects, to blotting or 
or guanidinium chloride extraction of RNA. These amplifi- § RNA species. 

cation techniques involve annealing a primer which has Briefly, a probe is used to target a DNA or RNA species 
target specific sequences. Following polymerization, DNA/ that has been immobilized on a suitable matrix, offen a Alter 
RNA hybrids are digested with RNase H while double of nitrocellulose. The different species should be spatially 
stranded DNA molecules are heat denafured again. In either 55 separated to facilitate analysis. This often is accomplished 
case the single stranded DNA is made fully double stranded by gel electrophoresis of nucleic acid species followed by 
by addition of second target specific primer, followed by “blotting” on to the ilter. 

polymerization. The double-stranded DNA molecules are Subsequently, the blotied target is incubated with a probe 
then multiply transcribed by an RNA polymerase such as T7 (usually labeled) under conditions that promote denaturation 
or SP6. In an isothermal cyclic reaction, the RNA’s are 60 and rehybridization. Because the probe is designed to base 
reverse transcribed into single stranded DNA, which is then pair with the target, the probe will binding a portion of the 
converted to doubie stranded DNA, and then transcribed larget sequence under renaturing conditions. Unbound probe 
once again with an RNA polymerase such as T7 or SP6. The is then removed, and detection is accomplished as described 
resulting products, whether truncaied or complete, indicate above. 

target specific sequences. 65 (iv) Separation Methods 


Davey et al., EPO No. 329 822 (incorporated herein dy 
reference in its entirety) disclose a nucicic acid amplification 


A&l 


It normally is desirable, at one stage or another, to 
separaic the amplification product from the template and the 
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excess primer for the purpose of determining whether spe- 
cific amplification has occurred. In one embodiment, ampli- 
fication products are separated by agarose, agarose- 
acrylamide or polyacrylamide gel electrophoresis using 
standard methods. See Sambrook et al., 1989. 
Allernalively, chromatographic techniques may be 
employed to effect separation. There are many kinds of 
chromalography which may be used im the present inven- 
tion: adsorption, partition, ion-exchange and molecular 


sieve, and many specialized techniques for using them 10 line begins to decrease and eventually becomes zero. At this 
including column, paper, thin-layer and gas chromatography point the concentration of the amplified target DNA 
(Freifelder, 1982). becomes asymptotic to some fixed value. This is said to be 

(v) Detection Methods ihe plateau portion of the curve. 

Products may be visualized in order to confirm amplif- The concentration of the target DNA in the linear portion 
cation of the marker sequences. One typical visualization 15 of the PCR amplification is directly proportional to the 
method involves staining of a ge] with ethidium bromide and starting concentration of the target before the reaction began. 
visualization under UV light. Alternatively, if the amplifi- By determining the concentration of the amplified products 
cation products are integrally labeled with radio- or of the target DNA in PCR reactions that have completed the 
fluorometrically-labeled nucleotides, the amplification prod- same number of cycles and are in their linear ranges, it is 
ucts can then be exposed to x-ray film or visualized under 29 possible to determine the relative concentrations of the 
ihe appropriate stimulating spectra, following separation. specific target sequence m the original DNA mixture. If the 

In one embodiment, visualization is achieved indirectly. DNA mixtures are cDNAs synthesized from RNAs isolated 
Following separation of amplification products, a labeled from different tissues or cells, the relative abundances of the 
nucleic acid probe is brought into contact with the amplified specific mRNA from which the target sequence was derived 
marker sequence. The probe preferably is conjugated to a 25 can be determined for the respective tissues or cells. This 
chromophore but may be radiolabeled. In another direct proportionality between the concentration of the PCR 
embodiment, the probe is conjugated to a binding partner, products and the relative mRNA abundances is only true in 
such as an antibody or biotin, and the other member of the the linear range of the PCR reaction. 
binding pair carries a detectable moiety. The final concentration of the target DNA in the plateau 

In one embodiment, detection is by 2 labeled probe. The 30 portion of the curve is determined by the availability of - 
techniques involved are well known to those of skill in the reagents in the reaclion mix and is independent of the 
art and can be found in many standard books on molecular original concentration of target DNA. Therefore, the first 
protocols. See Sambrook et al., 1989. For example, chro- _— condition that must be met before the relative abundances of 
mophore or radiolabel probes or primers identity the target a mRNA species can be determined by RI-PCR for a 
during or following amplification. 35 collection of RNA populations is that the concentrations of 

One example of the foregoing is described in US. Pat. the amplified PCR products must be sampled when the PCR 
No. 5,279,721, incorporated by reference herein, which reactions are In the linear portion of their curves. 
discloses a0 apparatus and method for the automated elec- The second condition that must be met for an RT-PCR 
trophoresis and transfer of nucleic acids. The apparatus experiment to successfully determine the relative abun- 
permits electrophoresis and blotting without external 40 dances of a particular mRNA species is that relative con- 
manipulation of the ge] and is ideally suited to carrying out centrations of the amplifiable cDNAs must be normalized to 
methods according to the present invention. some independent standard. The goal of an RI-PCR expeni- 

In addition, the amplification products described above ment is to determine the abundance of a particular mRNA 
may be subjected to sequence analysis to identify specific species relative to the average abundance of all mRNA 
kinds of variations using standard sequence analysis iech- 45 species in the sample. 
niques. Within certain methods, exhaustive analysis of genes Most protocols for competitive PCR utilize intemal PCR 
is carried out by sequence analysis using primer scis siandards that are approximately as abundant as the target. 
designed for optimal sequencing (Pignon et al, 1994). The These strategies are effective if the producis of the PCR 
present invention provides methods by which any or all of amplifications are sampled during their linear phases. if the 
these types of analyses may be used. Using the sequences so products are sampled when the reactions are approaching the 
disclosed herein, oligonucleotide primers may be designed plateau phase, then the less abundant product becomes 
to permit the amplification of sequences throughout the relatively over represented. Comparisons of relative abun- 
GA21, GG25, GJ11 and FIil7 transformation events, as dances made for many difierent RNA samples, such as is the 
well as flanking genomic regions, which may then be case when examining RNA samples for differential 
analyzed by direct sequencing. : 5$ expression, become distorted in such a way as to make 

(vi) Design and Theoretical Considerations for Relative differences in relative abundances of RNAs appear less than 
Quantitative RT-PCR they actually are. This is not a significant problem if the 

Reverse transcription (RT) of RNA to cDNA followed by internal slandard is much more abundant than the target. lf 
relative quantitative PCR (RT-PCR) can be used to deter- the internal standard is more abundant than the target, then 
mine the relative concentrations of specific mRNA species so direct linear comparisons can be made between RNA 
isolated from plants. By determining that the concentration samples. 
of a specific mRNA species varies, it is shown that the gene The above discussion descnbes theoretical considerations 
encoding the specific mRNA species is differentially for an RT-PCR assay for plant tissue. The problems inherent 
expressed. in plant tissue samples are that they are of variable quantity 

Ia PCR, the number of molecules of the amplified target 65 (making normalization problematic), and that they are of 


DNA increase by a factor approaching two with every cycle 
of the reaction until some reagent becomes limiting. 
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Thereafier, the rate of amplification becomes increasingly 
diminished until there is no increase in the amplified target 

etween cycles. If a graph is plotted in which the cycle 
number is on the X axis and the log of the concentration of 
the amplified target DNA is on the Y axis, a curved line of 
characteristic shape is formed by connecting the plotted 
points. Beginning with the first cycle, the slope of the line is 
positive and constant. ‘This is said to be the linear portion of 
the curve. Afler a reagent becomes limiting, the slope of the 


variable quality (necessitating the co-amplification of a 
reliable internal control, preferably of larger size than the 
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target). Both of these problems are overcome if the RT-PCR 
is performed as a relative quantiative RT-PCR with an 
internal standard in which the internal standard is an amph- 
fiable cDNA fragment that is larger than the target cDNA 
fragment and in which the abundance of the mRNA encod- 
ing the internal standard is roughly 5-100 fold ingher than 


the mRNA encoding the target. This assay measures relative | 


abundance, not absolute abundance of the respective mRNA 
species. 

Other studies may be performed using a more conven- 
tional relative quantitative RT-PCR assay with an extemal 
standard protocol. These assays sample the PCR products in 
the linear portion of their amplification curves. The number 
of PCR cycles that are optimal for sampling must be 
empirically determined for each target cDNA fragment. In 
addition, the reverse transcriptase products of each RNA 
population isolated from the various tissue samples moust be 
carefully normalized for equal concentrations of amplifable 
cDNAs. This consideration is very important since the assay 


measures absolute mRNA abundance. Absolute mRNA 2 


abundance can be used as a measure of differential gene 
expression only in normelized samples. While empirical 
determination of the linear range of the amplification curve 
and normalization of cDNA preparations are tedious and 
time consuming processes, the resulting RT-PCR assays can 
be superior to those derived from the relative quantitative 
RT-PCR assay with an internal standard. 

One reason for this advantage is that without the internal 
slandard/compelitor, all of the reagents can be converted 


into a single PCR product in the linear range of the ampli- 3 


fication curve, thus increasing the sensilivity of the assay. 
Another reason is that with only one PCR product, display 
of the product on an electrophoretic gel or another display 
method becomes less complex, has less background and is 
easier to interpreL 

(vii) Chip Technologies 

Specifically contemplated by the present inventors are 
chip-based DNA technologies such as those described by 
Hacia et al. (1996) and Shoemaker et al. (1996). Briefly, 
these techniques involve quantitative methods for analyzing 
large numbers of genes rapidly and accurately. By tagging 
genes with oligonucleotides or using iixed probe arrays, one 
can employ chip technology to segregate target molecules as 
high density arrays and screen these molecules on the basis 
of hybridization. See also Pease et al. (1994); Fodor et al. 
(1991). 

iX. Regeneratioa of Plants From Transformed Cells 

For use in agriculture, transformation of cells in vitro is 
only one step toward commercial utilization of these new 
methods. Plants must be regenerated from the transformed 
cells, and the regenerated plants must be developed into full 
plants capable of growing crops in open fields. For this 
purpose, fertile corn plants are required. 

During suspension culture development, small cell aggre- 
gates (10-100 cells) are formed, apparently from larger cell 
clusters, giving the culture a dispersed appearance. Upon 
plating these cells to solid media, somatic embryo develop- 
ment can be induced, and these embryos can be matured, 
germinated and grown into fertile seed-bearing plants. 
Alternatively, callus cells growing on solid culture medium 
can be induced to form somatic embryos from which fertile 
seed bearing plants may develop. The characteristics of 
embryogeaicity, regenerability, and plant fertility are gradu- 
ally Jost 2S a function of time in suspension culture. Cryo- 
preservation of suspension cells arrests development of the 
culture aod prevents loss of these characteristics during the 
cryopreservation period. 
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DEPOSIT INFORMATION 


A deposit of seeds comprising the GJ11, F1117, GG25 and 
GA21 transformation events has been made with the Ameri- 
can Type Culture Collection (ATCC), 12301 Parklawn 
Drive, Rockville, Md., 20852. The date of deposit was May 
14, 1997. The ATCC accession numbers for seed of maize 
plants comprising the GJ11, F1117, GG25 and GA21 trans- 
formation events are: ATCC 209030, ATCC 209031, ATCC 
209032, and ATCC 209033, respectively. 

x EXAMPLES 


Example 1 


Initiation and Maintenance of Cell Line ATS24 


This example describes the initiation and maintenance of 
cell line AT824, which has been used routinely for transfor- 
mation experiments. Immature embryos (0.5-1.0 mm) were 
excised from the B73-derived inbred line AT and cultured on 
N6 medium with 100 uM silver nitrate, 3.3 mg/L dicamba, 
3% sucrose and 12 mM proline (2004). Six months after 
initiation type | callus was iransferred to medium 2008. Two 
months later type I callus was transferred to a medium with 
a lower concentration of sucrose (279). A sector of type Il 
callus was identified 17 mouths later and was transferred to 
279 medium. This cell line is uniform in nature, 
unorganized, rapid growing, and embryogenic. This culture 
was desirable in the context of this invention as 1 is easily 
adaptable to culture in liquid or on solid medium. 

The first suspension cultures of AT824 were initiated 31 
months after culture injuation. Suspension cultures may be 
initiated in 2 variety of culture media inciuding media 
containing 2,4-D as well as dicamba as the auxin source, 
e.g., media designated 210, 401, 409, 279. Cultures are 
maintained by transfer of approximately 2 ml packed cell 
volume to 20 ml fresh culture medium at 3 2 day intervals. 
AT824 can be routinely transferred between liquid and solid 
culture media with no effect on growth or morphology. 

Suspension cultures of AT$24 were initially cryopre- 
served 33-37 months after culture initiation. The survival 
rate of this culiure was improved when il was cryopreserved 
following three months in suspension culture. AT824 sus- 
pension cultures have been cryopreserved and reinitiated 
from cryopreservation at regular intervals since the initial 
date of freezing. Repeated cycles of freezing have not 
affected the growth or transformability of this culture. 


Example 2 


Generation of Glyphosate Resistant Line GA21 by 
Microprojectile Bombardment of ATS824 Cells 


The mutant maize EPSPS gene was introduced into 
AT824 suspension culture cells via microprojectile 
bombardment, essentially as described by U.S. Pat. No. 
5,554,798 and U.S. patent application Ser. No. 08/113,561, 
filed Aug. 25, 1993, which are both specifically incorporated 
herein by reference in their entirety. In this example, the 
mutant maize EPSPS gene was derived from plasmid 
pDPG434 (FIG. 3). Plasmid pDPG434 contains a maize 
EPSPS gene with two amino acid changes, Thr to Ile at 
position 102 and Pro to Ser at position 106. An approxi- 
mately 3.4 kb Notl restriction fragment containing the 
mutant maize EPSPS expression cassette of pPDG434 was 
used for transformation. The mutant maize EPSPS expres- 
sion cassette contains a nce actin promoter and the nos 3’ 


s end. 


Suspension culture AT$24 (described in example 1) was 
subcultured to fresh medium 409 3 days prior to particle 
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